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Attorney Docket Number MPI1994-008CP2 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re: U.S. Patent No. 5,780,454 

For: Boronic Ester and Acid Compounds 

Inventors: Julian Adams, Yu-Ting Ma, Ross Stein, Matthew Baevsky, Louis. 

Grenier, and Louis Plamondon 

Assignee: Millennium Pharmaceuticals, Inc. 

Issued: July 14, 1998 RECEIVED 

JUL t 0 2003 

BY HAND DELIVERY PATENT EXTENSION 

Mail Stop Patent Ext. A/C PATENTS 

Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313-1450 

APPLICATION FOR EXTENSION OF PATENT TERM 
PURSUANT TO 35 U.S.C. 3 156 AND 37 C.F.R. 6 1.740 

Pursuant to 35 U.S.C. § 156 and 37 C.F.R. § 1.740, Millennium Pharmaceuticals, 
Inc. ("Applicant") hereby applies for an extension of U.S. Patent No. 5,780,454 (the "'454 
Patent"). Applicant is the assignee of the '454 patent. Copies of the assignment 
documents establishing ownership in Applicant are attached hereto as Exhibit A. A 
Power of Attorney granting authority to the undersigned registered practitioner to act 
on behalf of Applicant is attached hereto as Exhibit B. 

Applicant provides the following information in fulfillment of the requirements 
of 37 C.F.R.§ 1.740(a): 

(1) A complete identification of the approved product as by appropriate chemical 
and generic name, physical structure or characteristics; 

VELCADE™ (bortezomib) for Injection is an antineoplastic agent available for 
intravenous injection (IV) use only. Each single dose vial contains 3.5 mg of 
bortezomib as a sterile lyophilized powder. Inactive ingredient: 35 mg mannitol, 
V^&38 501668 578N54 
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(2) 



(3) 



Bortezomib is a modified dipeptidyl boronic acid. The product is provided as a 
mannitol boronic ester, which, in reconstituted form, consists of the mannitol 
ester in equilibrium with its hydrolysis product, the monomeric boronic acid. 
The drug substance exists in its cyclic anhydride form as a trimeric boroxine. 

The chemical name for bortezomib, the monomeric boronic acid is [(lR)-3- • 
methyl-l-[[(2S)-lH3xo-3-phenyl-2-[(pyrazinylcarbonyl)amino]propyl]amino]- 
butyl]boronic acid. 

Bortezomib has the following chemical structure: 



solubility of bortezomib, as the monomeric boronic acid, in water is 3.3-3.8 
mg/mL in a pH range of 2-6.5. 

A complete identification of the Federal statute including the applicable 
provision of law under which the regulatory review occurred; 

The regulatory review occurred under Section 505 of the Federal Food, Drug and 
Cosmetic Act ("FFDCA"), 21 U.S.C. § 301 et. seq. 

An identification of the date on which the product received permission for 
commercial marketing or use under the provision of law under which the 
applicable regulatory review period occurred; 

VELCADE™ (bortezomib) for Injection was approved by FDA for commercial 
marketing on May 13, 2003. 




The molecular weight is 384.24. The molecular formula is C^H^BN^. The 
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(4) 



(5) 



In the case of a drug product, an identification of each active ingredient in the 
product and as to each active ingredient, a statement that it has not been 
previously approved for commercial marketing or use under the Federal Food, 
Drug, and Cosmetic Act, the Public Health Service Act, or the Virus-Serum- 
Toxin Act, or a statement of when the active ingredient was approved for 
commercial marketing or use (either alone or in combination with other active 
ingredients), the use for which it was approved, and the provision of law 
under which it was approved; 

The sole active ingredient of the approved new drug (which is a human drug) is 
bortezomib, as described in response to (1) above. This active ingredient has not 
previously been approved for commercial marketing or use under the Federal 
Food, Drug, and Cosmetic Act. 

A statement that the application is being submitted within the sixty day period 
permitted for submission pursuant to § 1.720(f) and an identification of the 
date of the last day on which the application could be submitted; 

This application is being submitted within the sixty day period permitted for 
submission pursuant to 37 C.F.R. § 1.720(f). July 11, 2003 is the last day on which 
the application could be submitted. 

A complete identification of the patent for which an extension is being sought 
by the name of the inventor, the patent number, the date of issue, and the date 
of expiration; 

A complete identification of the patent for which an extension is being sought is 
presented as follows: 



Names of the Inventors: 



Julian Adams; 
Yu-Ting Ma; 
Ross Stein; 



Matthew Baevsky; 
Louis Grenier; and 
Louis Plamondon 



Patent Number: 



5,780,454 



Issue Date: 



July 14, 1998 



Date of Original 
Expiration: 



October 28, 2014 
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(7) A copy of the patent for which an extension is being sought, including the 
entire specification (including claims) and drawings; 

A copy of the '454 Patent is attached hereto as Exhibit C. 

(8) A copy of any disclaimer, certificate of correction, receipt of maintenance fee 
payment, or reexamination certificate issued in the patent; 

A copy of the PTO Maintenance Fee Statement is attached as Exhibit D. 

No Statutory Disclaimer, Certificate of Correction, or Reexamination Certificate 
has ever issued in the '454 Patent. 

(9) A statement that the patent claims the approved product or a method of using 
or manufacturing the approved product, and a showing which lists each 
applicable patent claim and demonstrates the manner in which one such 
patent claim reads on: 

(i) The approved product, if the listed claims include any claim to the 
approved product; 

The '454 Patent claims the approved product. The '454 Patent includes 22 claims, 
of which claims 1-13 and 15-22 read on the approved product. A claim chart that 
lists each applicable claim of the '454 Patent and demonstrates the manner in 
which claim 1 reads on the approved product is attached as Exhibit E. 
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(10) A statement beginning on a new page of the relevant dates and information 
pursuant to 35 U.S.C. § 156(g) in order to enable the Secretary of Health and 
Human Services or the Secretary of Agriculture, as appropriate, to determine 
the applicablej-egulatory review period as follows: 

(i) For a patent claiming a human drug, antibiotic, or human biological 



. IND # 56,515 was submitted on July 24, 1998, and became effective 
on August 22, 1998. 

(B) The date on which a new drug application (NDA) or a Product 
License Application (PLA) was initially submitted and the NDA 
or PLA number; and 

NDA # 21-602 was submitted on January 21, 2003. 

(C) The date on which the NDA was approved or the Product License 

issued; 

NDA #21-602 was approved on May 13, 2003. 



product: 



(A) 



The effective date of the investigational new drug (IND) 
application and the IND number; 
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(11) A brief description beginning on a new page of the significant activities 
undertaken by the marketing applicant during the applicable regulatory 
review period with respect to the approved product and the significant dates 
applicable to such activities; 

The required description and identification of dates is provided in Exhibit F 
attached hereto. 
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(12) A statement beginning on a new page that in the opinion of the applicant the 
patent is eligible for the extension and a statement as to the length of the 
extension claimed, including how the length of extension was determined; 

In the opinion of Applicant, the '454 Patent is eligible for extension of patent term 
pursuant to 35 U.S.C. § 156(a) for the following reasons: 

(1) The term of the '454 Patent has not expired before submission of 
this application. 

(2) The term of the '454 Patent has never been extended. 

(3) This application for patent term extension is being submitted by 
Millennium Pharmaceuticals, Inc., the record owner of the '454 
Patent. 

(4) Bortezomib was subject to a regulatory review period before its 
commercial marketing or use, as evident from Paragraph 11 above. 

(5) The permission for the commercial marketing or use of bortezomib 
after such regulatory review period is the first commercial 
marketing or use of the product under the FFDCA. 

Applicant contends that the '454 Patent is eligible for an extension of 920 days to 
May 5, 2017. The length of the asserted extension was calculated as follows: 

(a) The post-HMD /pre-appr oval period from August 22, 1998 to 
January 21, 2003 comprises 1,614 days (including 1 extra day for the 
leap year in 2000). The full extent of this period was subsequent to 
the patent issue date and is supported by the diligence showing in 
response to (11) above. 

(b) The review period from January 21, 2003 to May 13, 2003 comprises 
113 days. Applicant's diligence during the review period also is 
evident from the response to (11) above. 

(c) One half of the testing period is 807 days. 

(d) The sum of the review period and one-half of the testing period is 
920 days ("modified regulatory review period"). 

(e) The original expiration date of the '454 Patent is October 28, 2014. 
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(f) Addition of the modified regulatory review period of 920 days 
recited under (d) to the original expiration date would extend the 
expiration date to May 5, 2017. 

(g) The extension period is subject to a five year limitation under 35 
U.S.C. § 156(g)(6)(A); hence, the '454 Patent cannot be extended 
beyond October 28, 2019. 

(h) Pursuant to 35 U.S.C. § 156(c)(3), the extended term of the patent 
cannot exceed 14 years from the date of product approval; hence, 
the '454 Patent cannot be extended beyond May 13, 2017. 

(i) In light of the conclusions stated in (f), (g), and (h), the extended 
expiration date of the '454 Patent is believed to be May 5, 2017. 
Therefore, the asserted extension for the '454 Patent is 920 days, 
from October 28, 2014 through May 5, 2017. 
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(13) A statement that applicant acknowledges a duty to disclose to the 
Commissioner of Patents and Trademarks and the Secretary of Health and 
Human Services or the Secretary of Agriculture any information which is 
material to the determination of entitlement to the extension sought; 

Applicant acknowledges its duty to disclose to the Commissioner of Patents and 
the Secretary of Health and Human Services any information which is material to 
the determination of entitlement to the extension sought. 

(14) The prescribed fee for receiving and acting upon the application for extension 
(see§1.20(j)); and 

Authorization is hereby given to charge the required petition fee of $1,120.00 to 
Deposit Account No. 501668. If this fee is insufficient or if any other fees are due 
for filing and processing of this application, authorization is hereby given to 
charge such fees to Deposit Account No. 501668. 

(15) The name, address, and telephone number of the person to whom inquiries 
and correspondence relating to the application for patent term extension are to 
be directed. 

Inquiries and correspondence relating to this application for patent term 
extension are to be directed to: 

Janice M. Klunder, Ph.D., Reg. No. 41,121 
Intellectual Property Department 
Millennium Pharmaceuticals, Inc. 
75 Sidney Street 
Cambridge, MA 02139 
Phone: (617)551-3699 
Fax: (617)374-0074 
E-mail: jklunder@mpi.com 
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On the basis of the information provided herein, Applicant asserts that the '454 
Patent is entitled to the requested 920 day extension of its term to May 5, 2017. Prompt 
action on this application is requested. 



Respectfully submitted, 




Scott A. Brown 
Attorney for Applicant 



Reg. No. 32,724 

Intellectual Property Department 
Millennium Pharmaceuticals, Inc. 
75 Sidney Street 
Cambridge, MA 02139 
Phone: (617) 551-8662 

Fax: (617) 374-0074 

E-mail: scbrown@mpi.com 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT 

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF THE 
U.S. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFILM COPY IS AVAILABLE 
AT THE ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER REFERENCED 
BELOW . 

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE. THE INFORMATION 
CONTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATA PRESENT IN THE 
PATENT AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD FIND ANY ERRORS OR 
HAVE QUESTIONS CONCERNING THIS NOTICE, YOU MAY CONTACT THE EMPLOYEE WHOSE 
NAME APPEARS ON THIS NOTICE AT 703-308-9723. PLEASE SEND REQUEST FOR 
CORRECTION TO: U.S. PATENT AND TRADEMARK OFFICE, ASSIGNMENT DIVISION, 
BOX ASSIGNMENTS, NORTH TOWER BUILDING, SUITE 10C35, WASHINGTON, D.C. 20231. 



RECORDATION DATE: 04/09/1996 

BRIEF: ASSIGNMENT OF ASSIGNOR'S 

ASSIGNOR: 

ADAMS, JULIAN 



REEL/FRAME: 7882/0067 
NUMBER OF PAGES: 4 

INTEREST (SEE DOCUMENT FOR DETAILS) . 
DOC DATE: 03/01/1996 



ASSIGNOR: 

MA, YU-TING DOC DATE: 03/09/1996 

ASSIGNOR: 

STEIN, ROSS DOC DATE: 02/29/1996 



ASSIGNOR: 

BAEVSKY, MATTHEW DOC DATE: 02/23/1996 

ASSIGNOR: 

GRENIER, LOUIS DOC DATE: 02/29/1996 



ASSIGNOR: 

PLAMONDON, LOUIS 

ASSIGNEE: 

PROSCRIPT, INC. 
38 SIDNEY STREET 

CAMBRIDGE, MASSACHUSETTS 02139 



DOC DATE: 02/29/1996 
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U.S. Department of Commerce 
Patent and Trademark Office 



ioner of Patents and Trademarks. Please record the attached original documents or copy thereof. 



i. Name of conveying party(ies): 

ADAMS, Julian 
MA, Yu-Ting 
STEIN, Ross 
BAEVSKY, Matthew 
G RENTER, Louis 
PLAMONDON, Louis 

Additional namefs) of conveying partyQes) attached? Q yes H no 



3. Nature of Conveyance: 

a Assignment Q Merger 
a Security Agreement a Change of Name 
d Other — 

Execution Date(s): March I, 1996, February 29, 1996, 
February 29, 1996, February 29, 1996, March 9, 1996 and 
February 23, 1996 ____ 



2. Name and address of receiving party(ies). 

Name: ProScript, Inc. 

Street Address: 38 Sidney Street 

City: Cambridge State: Massachusetts Zip Code: 02 1 39 

Country: USA 

Additional name(s) & addresses) attached? a yes a no 



4. Application numbers) or patent numbers): 

If this document is being filed together with a new application, the execution date of the application is 



A. Patent Application No(s) 



08/549,318 



B. Patent No(s) 



Additional numbers attached? o yes g no 



5. Name and address of party to whom correspondence 
concerning document should be mailed: 

Name: Sterne, Kessler, Goldstein & Fox P.LLC 
Internal Address: c/o 



Street Address: 1 100 New York Ave., N.W. 
Suite 600 

City: Washington State: DC. Zip Code: 20005-3934 



6 Total number of applications and patents involved 
Qnefn 



7. Total fee (37 C.F.R. § 3.41) $ 40.00 

a Enclosed 

□ Authorized to be charged to Deposit Account 



8. Deposit Account Number. 



19-0036 



DO NOT USE THIS SPACE 



9. Statement and signature. 

To the best of my knowledge and belief, the foregoing information is true and correct and any attached copy is a true 
copy of the original document. 

7>? • Cff/oCt 



JoruiM. Covert 
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Mail documents to be recorded with required cover sheet information to. 
Commissioner of Patents and Trademarks, Box Assignments 
Washington. D.C. 2023 1 
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ASSIGNMENT 



In consideration of the sum of One Dollar ($1.00) or equivalent and other good and valuable consideration paid to each of 
the undersigned: Julian ADAMS. Yu-Ting MA. Ross STEIN. Matthew BAEVSKY. Louis GREN1ER and Louis PLAMONDON the 
undersigned hereby sel!(s) and assign(s) to ProScripL Inc. (the Assignee) their entire right, title and interest 

check applicable box(es) s for the United States of America (as defined in 35 U.S.C. § 100), 
b and throughout the world, 

in the inventions) known as Boronic Ester and Acid Compounds. Synthesis and Uses for which application(s) for patent in the United 

States of America has (have) been executed by the undersigned on X 3 (* /94 ^fetf/li ^bu : (also known as United 

States Application No. 08/549.318. filed October 27. 1995) . in any and all applications thereon, in any and all Letters Patents) 
therefor, and in any and all reissues, extensions, renewals, reexaminations of such applications or Letters Patents) and divisionals 
and continuing applications thereof to the full end of the term or terms for which such Letters Patents) issue, such entire right, title 
and interest to be held and enjoyed by the above-named Assignee to the same extent as they would have been held and enjoyed by 
the undersigned had this assignment and sale not been made. 

The undersigned agree(s) to execute all papers necessary in connection with the application^) and any continuing, divisional, 
reissue, reexamination or corresponding application^) thereof and also to execute separate assignments in connection with such 
applications as the Assignee may deem necessary or expedient 

The undersigned agree(s) to execute all papers necessary in connection with any interference that may be declared concerning 
the application(s) or any continuing, divisional, reissue or reexamination application thereof and to cooperate with the Assignee in 
every way possible in obtaining evidence and going forward with such interference. 

The undersigned hereby represents that undersigned has (have) full right to convey undersigned entire interest herein 
assigned, and that undersigned has (have) not executed, and will not execute, any agreement in conflict therewith. 

The undersigned hereby grant(s) Robert Greene Sterne, Esquire, Registration No. 28,912, Edward J. Kessler, Esquire, 
Registration No. 25,688, Jorge A. Goldstein, Esquire, Registration No. 29,021, Samuel L. Fox, Esquire, Registration No. 30,353, 
David K.S. Cornwell, Esquire, Registration No. 3 1,944, Robert W. Esmond, Esquire, Registration No. 32,893, Tracy-Gene G. Durkin, 
Esquire, Registration No. 32,83 1, Michele A. Cimbala, Esquire, Registration No. 33,851, Michael B. Ray, Esquire, Registration No. 
33,997 and Robert E. Sokohl, Registration No. 36,0 1 3 of STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. 1 100 New York Avenue, 
N.W., Suite 600, Washington, D.C. 20005-3934, power to insert in this assignment any further identification that may be necessary 
or desirable in order to comply with the rules of the United States Patent and Trademark Office for recordation of this document 

IN WITNESS WHEREOF, executed by the undersigned on the date(s) opposite their name(s). 

Date: v 3 / 9 j% Signature of Inventor r_ 




Julian ADAMS 



Date:* 



_ Signature of Inventor. 



Date: ■ 





Ross STEIN 



Date: 



S ignature of In ventor 



Date: 



_ Signature of Inventor 




Date: Signature of Inventor: 



Loufe GRE5HER s~\ 



Louis PLAMONDON 
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In consideration of the sum of One Dollar ($1.00) or equivalent and other good and valuable consideration paid to each of 
the undersigned: Julian ADAMS. Yu-Ting MA. Ross STEIN. Matthew BAEV SKY. Louis GRENIER and Louis PLAMQNDON, the 
undersigned hereby sell(s) and assign(s) to ProScript Inc. (the Assignee) their entire right, title and interest 

check applicable box(es) H for the United States of America (as defined in 35 U.S.C. § 100), 

a and throughout the world, 

in the inventions) known as Boronic Ester and Acid Compounds. Synthesis and Uses for which application(s) for patent in the United 

States of America has (have) been executed by the undersigned on / /Hiu^A^ f t lAlv (also known as United 

States Application No. 08/549.318. filed October 27. 1995V in any and all applications thereon, in any and all Letters Patents) 
therefor, and in any and all reissues, extensions, renewals, reexaminations of such applications or Letters Patents) and divisionals 
and continuing applications thereof to the full end of the term or terms for which such Letters Patents) issue, such entire right, title 
and interest to be held and enjoyed by the above-named Assignee to the same extent as they would have been held and enjoyed by 
the undersigned had this assignment and sale not been made. 

The undersigned agree(s) to execute all papers necessary in connection with the application^) and any continuing, divisional, 
reissue, reexamination or corresponding applications) thereof and also to execute separate assignments in connection with such 
applications as the Assignee may deem necessary or expedient 

The undersigned agree(s) to execute all papers necessary in connection with any interference that may be declared concerning 
the application^) or any continuing, divisional, reissue or reexamination application thereof and to cooperate with the Assignee in 
every way possible in obtaining evidence and going forward with such interference. 

The undersigned hereby represents that undersigned has (have) full right to convey undersigned entire interest herein 
assigned, and that undersigned has (have) not executed, and will not execute, any agreement in conflict therewith. 

The undersigned hereby grant(s) Robert Greene Sterne, Esquire, Registration No. 28,912, Edward J. Kessler, Esquire, 
Registration No. 25,688, Jorge A. Goldstein, Esquire, Registration No. 29,021, Samuel L. Fox, Esquire, Registration No. 30,353, 
David ICS. Comwell, Esquire, Registration No. 3 1,944, Robert W. Esmond, Esquire, Registration No. 32,893, Tracy-Gene G. Durkin, 
Esquire, Registration No. 32,83 1, Michele A. Cirabala, Esquire, Registration No. 33,85 1 , Michael B. Ray, Esquire, Registration No. 
33,997 and Robert E. Sokohl, Registration No. 36,013 of STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C 1100 New York Avenue, 
N.W., Suite 600, Washington, D.C. 20005-3934, power to insert in this assignment any further identification that may be necessary 
or desirable in order to comply with the rules of the United States Patent and Trademark Office for recordation of this document 

IN WITNESS WHEREOF, executed by the undersigned on the date(s) opposite their name(s). 

Date: ^ Signature of Inventor v : 

Julian ADAMS 

Date: X /Hfrrti^9 , $H 

Date: V 



Date: • 



Date: 



Date: 



Signature of Inventor: V 




Signature of Inventor: __ 

Ross STEIN 

Signature of Inventor 

Matthew BAEVSKY 

Signature of inventor _j 

Louis GRENIER 

Signature of Inventor 

Louis PLAMONDON 
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ASSIGNMENT 

In consideration of the sura of One Dollar (S1.00) or equivalent and other good and valuable consideration paid to each of 
the undersigned: Julian ADAMS Yu-Ting MA. Ross STEIN. Matthew BAEVSKY. Louis G RFNTER and Louis PLAMONDON. the 
undersigned hereby sell(s) and assign(s) to ProScript Inc. (the Assignee) their entire right, title and interest 



check applicable box(es) 



a for the United States of America (as defined in 35 U.S.C. § 100), 
8 and throughout the world, 



in the inventions) known as B omnic Ester and Acid Com pounds. Synthesis and Uses for which applications) for patent in the United 

States of America has (have) been executed by the undersigned on / r£jy 2^> (llLp (also known as United 

States Application No. Q8/549.318. filed October 27. I995\ in any and all applications thereon, in any and all Utters Patents) 
therefor, and in any and all reissues, extensions, renewals, reexaminations of such applications or Letters Patents) and divisionals 
and continuing applications thereof to the full end of the term or terms for which such Letters Patents) issue, such entire rigjit, title 
and interest to be held and enjoyed by the above-named Assignee to the same extent as they would have been held and enjoyed by 
the undersigned had this assignment and sale not been made. 

The undersigned agree(s) to execute all papers necessary in connection with the applications) and any continuing, divisional, 
reissue, reexamination or corresponding application^) thereof and also to execute separate assignments in connection with such 
applications as the Assignee may deem necessary or expedient 

The undersigned agree(s) to execute all papers necessary in connection with any interference that may be declared concerning 
the applications) or any continuing, divisional, reissue or reexamination application thereof and to cooperate with the Assignee in 
every way possible in obtaining evidence and going forward with such interference. 

The undersigned hereby represents that undersigned has (have) full right to convey undersigned entire interest herein 
assigned, and that undersigned has (have) not executed, and will not execute, any agreement in conflict therewith. 

The undersigned hereby grants) Robert Greene Sterne, Esquire, Registration No. 28,912, Edward, J. Kessler, Esquire, 
Registration No. 25,688, Jorge A. Goldstein, Esquire, Registration No. 29,021, Samuel L. Fox, Esquire, Registration No. 30,353, 
David ICS. Cornwell, Esquire, Registration No. 3 1 ,944, Robert W. Esmond, Esquire, Registration No. 32,893, Tracy-Gene G. Durkin, 
Esquire, Registration No. 32,831, Michele A. Cimbala, Esquire, Registration No. 33,851, Michael B. Ray, Esquire, Registration No. 
33,997 and Robert E. Sokohl, Registration No. 36,013 of STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. 1 100 New York Avenue, 
N.W., Suite 600, Washington, D.C. 20005-3934, power to insert in this assignment any further identification that may be necessary 
or desirable in order to comply with the rules of the United States Patent and Trademark Office for recordation of this document. 

IN WITNESS WHEREOF, executed by the undersigned on the date(s) opposite their name(s). 



Date: 



Date 



Date: y 



Signature of Inventor _ 
Signature of Inventor: 
Signature of Inventor 



Date: 



Signature of Inventor. 



Julian ADAMS 



Yu-Ting MA 



Ross STEIN 

Date: : '7^> Fkh H^C Signature of Inventor: ^ #u) 



ew BAEVSKY 




Louis GRENIER 



Date: 



Signature of Inventor: 



Louis PLAMONDON 
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JANICE M. KLUNDER, PH.D. 
60 STATE STREET 
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Chief Information Officer 
Washington, DC 20231 
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vJNiTEU STATES PATENT AND TRADEMARK OFFICE 
NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT 

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF 
THE U.S. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFILM COPY IS 
AVAILABLE AT THE ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER 
REFERENCED BELOW. 

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE. THE 
INFORMATION CONTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATA 
PRESENT IN THE PATENT AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD 
FIND ANY ERRORS OR HAVE QUESTIONS CONCERNING THIS NOTICE, YOU MAY 
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I, EDWARD J. FREEL, SECRETARY OF STATE OF THE STATE OF 
DELAWARE , DO HEREBY CERTIFY THE ATTACHED IS A TRUE AND CORRECT 
COPY OF THE CERTIFICATE OF OWNERSHIP, WHICH MERGES : 
"PROSCRIPT, INP:'"/ ^ DELAWARE CORPORATION, 



•I^OSITE/l|i^^S)RPOFaTIOM ORGANIZED AND EXISTING UNDER 



WITH AND XNTO, "L^tJKOSITE-, INC." UNDER THE NAME OF 
OFFICE THE SIXTEENTH 



THE LAWSPOF THE^STATE OF DELAWARE, AS RECEIVED AND FILED IN THIS 
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CERTIFICATE OF OWNERSHIP AND MERGER 

MERGING 

ProScripttloc 
(a Ddaware corporation) 

INTO 

L€ukoSite,Inc _ 
(a Delaware corporation) 

. , „„,, „ r : <t i nt T under and by virtue of the General Corporation 
LeukoSite. a corpora** orgawzed and existing und^ am uy 

Uw of the State of Delaware (the -ttMporaaon"). does hereby cerary: 

tlRgT: That the Corporation was iterated ontheUtdayofMay. 1992 pursuant to the 

General Corporation Uw of the State of Delaware, 

• SECOND- Th* the Corporation owns all of the outstanding shares of each class of ^ stock of 
General Corporation Uw of the State of Delaware. 

THIRD: That, the Board of Directors of the Corporation, by written consent effective as of the 
I4thd7y of March, 2000. duly adopted the following resoluaous: 

RESOLVED- That, pursuant to Section 253 of the Delaware General Coition Uw 
RESOLVED. ™^P"^ u h£feb Mdlori2eo to merge ProScxipt Inc. a Delaware 

^rp^wr^ 
the Corporation; 

RESOLVED: That the President and Secretary of the Corporation be and "chherebyb. 

prized to execute a Certificate of Ownership and Mecserwith respect 
«L merger of ProScript. Inc. into the Corporation cause the same to be 
filed with the Secretary of Stateof Delaware and ^ ^o^ 
actions and to execute aU such other instruments and agreements as they 
or any of them may deem appropriate to effect such merger. 

RESOLVED: Thar the merger of ProScript, lac ^^^^^ 
upon the filing of a Certificate of Ownership and Merger with the 
Secretary of State of Delaware 



STATE OF DZLAUARE 
SECRETARY OF STATE 
DIVISION OF CORPORATIONS 
FILED 12:00 PH 03/16/2000 
nmincKI - 2296116 



P. 05^37 

MAR- 16-2008 11 = 51 



ft* WITNESS WHEREOF, the Corporation has caused this Certified to be signed by i« 
authorized ofTicer this l£l day of March, 2000. 

LEUKOSI 




Title: Piesideni 

John Mara6 an£,re 
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State of Delaware 

Office of the Secretary of State 



I, EDWARD J. FREEL, SECRETARY OF STATE OF THE STATE OF 
DELAWARE, DO HEREBY CERTIFY THE ATTACHED IS A TRUE AND CORRECT 
COPY OF THE CERTIFICATE OF. .OWNERSHIP, ^.WHICH MERGES: 

"LEUKOSITE, JDE^WARE^CQRPORATiON,.^ 

WITH AND 4 -INTO «MILLEn|iUM PHARMA^TICALS, . INC. « UNDER THE 
NAME OF "MJliL.EiJNiUM • ^PHARMACEUTICALS , INC. « > A^CpRPORATION 
ORGANIZE/ ^EXISTING UNDER TiliAWS OF THE STATE: OF DELAWARE, 
AS RECEIVED AND FILED IN THIS OFFICE THE SIXTEENTH DAY OF MARCH 
A.D. 2000, AT 5:30 O'CLOCK P.M. 
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Edward J. Freel, Secretary of State 

0512437 

AUTHENTICATION: 

06-21-00 

DATF* 



MAR- I 6-2003 17:07 



CERTIFICATE OF OWNERSHIP AND MERGER 

MERGING 

LeukoSite, Inc. 
(h Delaware corporation) 

INTO 

MOIenniom Pharmaceuticals, Inc. 
(a Delaware corporation) 



Millennium Pharmaceuticals, foe., a corporation organized and existing under and by virtue of 
the General Corporation Law of the State of Delaware (the "Corporation"), docs hereby certify: 

FIRST: That the Corporation was incorporated on the 13th day of January. 1993 pursuant to the 
General Corporation Law of trie State of Delaware. 

SECOND : That the Corporation owns all of die outstanding shares'of each class of the stock of 
LeukoSite, Inc. a corporation incorporated on the 1st day of May. 1992 pursuant to the General 
Corporation Law of the State of Delaware. 

THIRD : That the Executive Committee of the Board of Directors of the Corporation, by written 
consent effective as ofrbe 13th day of March, 2000. duly adopted the following resolutions: 

RESOLVED: That, pursuant to Section 253 of the Delaware General Corporation Law, 
the Corporation is hereby authorized to merge LcokoSitc, Inc. a Delaware 
corporation which is a wholly owned subsidiary of the Corporation, into 
the Corporation: 

RESOLVED: That the President and Secretary of the Ojrr»aUc« be and each hereby is, 
authorized to execute a Certificate of Ownership and Merger with respect 
to the merger of LeukoSite, Inc. into the Corporation, cause the same to be 
filed with the Secretary of State of Delaware and take all such other 
actions and to execute all such other instruments and agreements as they 
or any of them may deem appropriate to effect such merger, 

RESOLVED: That the merger of LeukoSite, Inc. into the Corporation shall be effective 
upon the filing of a Certificate of Ownership and Merger with the 
Secretary of State of Delaware. 



STATE OF DELAWARE 
SECRETARY OF STATE 
DIVISION OF CORPORATIONS 
FILED 05:30 PH 03/16/2000 
nm list 48 - 73PP3SS 



r£R- 16-2000 17:08 P. 05/05 



IN WITNESS WHEREOF, the Corporation has caused this Certificate to be signed by its 
authorized officer this IS** day of March. 2000. 

MDXENNiyM PHARMACEUTICALS . INC. 

Title; Secretary * 
Jack Pougl« 
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Millennium Pharmaceuticals, Inc. 
75 Sidney Street 
Cambridge, MA 02139 



Tel 617 679 7000 
www.mlnm.com 



August 3, 2001 



MILLENNIUM 



This letter is to confirm that in accordance with a Written Action of the Executive 
Committee of the Board of Directors of Millennium Pharmaceuticals, Inc. resolved 
June 21, 2001 (copy attached), Scott A. Brown, Associate General Counsel and 
Chief Patent Counsel of Millennium Pharmaceuticals, Inc. is authorized to sign 
Powers of Attorney, Assignments and all other documents that are required to be 
executed by a duly authorized representative of the company in connection with 
Millennium Pharmaceuticals, Inc.'s domestic and foreign intellectual property. 




JoJtoB. Douglas fll 

Senior Vice President, General Counsel and Secretary 



/djc 

Attachment 



MILLENNIUM PHARMACEUTICALS, INC. 
Written Action of the Executive Committee of the Board of Directors 

June 21, 2001 



The undersigned, being all of the members of the Executive Committee of the Board of 
Directors of Millennium Pharmaceuticals, Inc., a Delaware corporation ^ 
acting in accordance with Section 141(f) of the Delaware General Corporation Law and the By- 
lawsof the Company, hereby adopt the following resolutions in lieu of a meeting of the 
Executive Committee: 

Signatories 

RESOLVED: That the first resolution under the subtitle "signatories" approved by the Board 
of Directors on September 28, 2000 is hereby teirninated. 

RESOLVED : That, except as the Board of Directors may generally "*V«^J*™ 

authorize the execution thereof in some other manner, the Chief Executive 

Officer, the Chief Financial Officer and the General Counsel of the Company 
and their respective successors, are, and each of them acting singly is, hereby 
authorized to designate from time to time persons authorized as signatories for 
and on behalf of the Company with the authority to execute documents and 
instruments that are within the ordinary course of the Company's business. 

RESOLVED : That, except as the Board of Directors may generally or in particular cases 

— authorized^ execution thereof in some other manner, the General Counsel and 

the Chief Patent Counsel and their respective successors, be, and each of mem 
acting singly hereby is, authorized as a signatory for and on behalf of the 
Company with the authority to execute the following kinds of documents and 
instruments that are within the ordinary course of the Company's business: 



(a) 



documents and instruments that are required to be executed by a duly 
authorized representative of the Company in connection with the 
Company's U.S. and foreign intellectual property, including patent, 
trademark and copyright prosecution before the U.S. and foreign patent, 
trademark and copyright offices, including, but not limited to Requests 
for Small Entity Status and PCT Applications; and 



(b) powers of attorney and consulting agreements related to the foregoing. 
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ABSTRACT 



Disclosed herein is a method for reducing the rate of 
degradation of proteins in an animal comprising contacting 
cells of the animal with certain boronic ester and acid 
compounds. Also disclosed herein are novel boronic ester 
and acid compounds, their synthesis and uses. 

22 Claims, 3 Drawing Sheets 
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1 2 

BORONIC ESTER AND ACID COMPOUNDS -1:1-11 0992): Murakami ct al.. Proc. Natl. Acad, Sci. 

U.S.A. 83:7588-7592 < 19861: Li ct al.. Biochemistry 

CROSS -REFERENCE TO RELATED 30:9709-9715 < 1991 j: Goldberg. Eur. J. Biochem. 203:9-23 

APPLICATIONS (1992): Aoyagi ci al.. Protcaics and Biological Control. 

^ . , o . 5 Cold Spring Harbor Laboratory Press ( 1975). pp- 429-154. 

This application is a continuation-in-part of U.S. apph- .no . . .- ki« no no qao 

e ki Ao/i t-> co i iX ioo^ ^k;^h u * Sicin et at. U.S. patent application Ser. No. 08/212.909 

cation Ser. No. 08/442.581. filed May 16. 1995. which is a V" -,/,k~ rt r . . . w/1<>c lrt 

- rue ■ - ^ r - v,^ nfi/iw «c filed Mar. 15. 1994. describe the use of peptide aldehydes to 

continuation -in -part of U.S. application No. vof.\M)3iy. . M , . . t - - • u 

^ ; " ' I* • j v rcx j ucc r ate of loss of muscle mass in an animal by 

filed Oct. 28. 1994. now abandoned. <he contend of wh.cn ^ ^ ^ ^ ^ ^ 

arc .ocorporated herem by reference ,„ 2j fcduce the ra , e of ^^u^^ 

BACKGROUND OF THE INVENTION protein breakdown in an animal by contacting cells of the 

animal with a peptide aldehyde proteasomc inhibitor, and 3) 

1. Field of the Invention reduce the rate of degradation of p53 protein in an animal by 
The present invention relates to borooic ester and acid administering to the animal a peptide aldehyde proteasomc 

compounds, their synthesis and uses. 13 inhibitor. 

2. Description of Related Art Palombella et aL. PCT application Ser. No. PCT/US95/ 
The synthesis of N-terminal peptidyl borooic ester and 03315. filed Mar. 17. 1995. describe the use of peptide 

acid compounds, in general and of specific compounds, has aWebydes to re duce the cellular content and activity of 

been described previously (Sheovi et al. VS. Pat. No. NF-kB in an animal by contacting cells of the animal with 

4.499.082 issued Feb. 12. 1985: Shcnvi et al. U.S. Pal. No. * peptide aldehyde inhibitor of proteasomc function or 

4.537.773 issued Aug. 27. 1985; Siman et al WO 91/13904 ubiquitin conjugation. 

published Sep. 19. 1991: Kettner el aL. J Biol Chan. The transcrirXion factor NF-kB and other members of the 

259(24): 15 106-15 1 14 ( 1984 )). These compounds have been rel family of protein complexes play a central role in the 

shown to be inhibitors of certain proteolytic enzymes 25 regulation of a remarkably diverse set of genes involved in 

(Shcnvi et al. U-S. Pat. No. 4.499.082 issued Feb. 12. 1985: the immune and inflammatory responses (Grilli et al.. Inter- 

Shenvi et al. U.S. Pat. No. 4337.773; Siraan et al. WO national Review of Cytology 143:1-62 (1993)). NF-kB 

91/13904 published Sep. 19. 1991: Kettner ct al.. J BioL exists in an inactive form in the cytoplasm completed with 

Chem. 259(24): 15 106-151 14 ( 1984)). A class of N-terminal an inhibitor protein. IxB. In order for the NF-kB to become 

tri -peptide borooic ester and add compounds has been M active and perform its function, it must enter the cell 

shown to inhibit the growth of cancer cells (Kinder et al. nucleus- It cannot do this, however, until me IkB portion of 

U.S.Pat. No. 5.106.948 issued Apr. 21. 1992). A broad class the complex is removed, a process referred to by those 

of N-termiaal tri-peptide borooic ester and acid compounds skilled in the art as the activation of. or processing of. 

and analogs thereof has been shown to inhibit renin NF-kB- In some diseases, the normal performance of its 

(Klecraan et aL U.S. Pat No. 5.169.841 issued Dec 8. 3J function by the NF-kB can be detrimental to the health of the 

1992). patient For example. NF-kB is essential for the expression 

In the cell, there is a soluble proteolytic pathway that of the human immunodeficiency virus (HIV). Accordingly, 

requires ATP and involves covalent conjugation of the a process that would prevent the activation of the NF-kB in 

cellular proteins with the small polypeptide ubiquitin CUb") patients suffering from such diseases could be therapeuti- 

(Hershko et al.. A. Rev. Biochem. 61:76 L-S07 ( 1992); Rech- «, caliy beneficial. 

steioer et al.. A. Rev. Celt BioL 3: 1-30 ( 1987)). Thereafter. Goldberg and Rock. WO 94/178 16. filed Jan. 27. 1994. 

the conjugated proteins are hydrolyzed by a 26S proteolytic describe the use of proteasome inhibitors to inhibit MHC-I 

complex containing a 20S degra dative particle called the antigen presentation. The ubiquitination/proteolysis path- 

proteasome (Goldberg. Eur. J Biochem. 203.-9-23 (1992): way is shown to be involved in the processing of internalized 

Goldberg et aL. Nature 357:375-379 (1992)). This multi- 45 cellular or viral antigens into antigenic peptides that bind to 

component system is known to catalyze the selective deg- MHC-I molecules on an antigen presenting cell, 

radatioo of highly abnormal proteins and short-lived regu- Accordingly, inhibitors of this pathway would be useful for 

Utory proteins. the treatment of diseases that resuh from undesircd response 

The 20S proteasomc is composed of about 15 distinct to antigen presentation, including autoimmune diseases and 

20-30 kDa subunits. It contains three different peptidase 50 transplant rejection. 

activities that cleave specifically on the carboxyl side of the Cydins are proteins that are involved in cell cycle control 

hydrophobic, basic, and acidic amino acids (GoMberg et al,. in eukaryotes. Cydins presumably act by regulating the 

Nature 357075-379 (1992); Goldberg. Eur. J. Biochem. activity of protein kinases, and their programmed degrada- 

203:9-23 (1992); OrlowskL Biochemistry 29:10289 (1990); tion at specific stages of the cell cyde is required for the 

Riven et al.. Archs. Biochem. Biophys. 218:1 (1989); Rivctt 55 transition from one stage to the next. Experiments utilizing 

et aL.i. BioL Chem. 264:12.215-12.219 (1989); Tanaka et modified ubiquitin (Glotzer et al.. Nature 349:132-138 

al- New BioL 4:1-11 (1992)). These peptidase activities are (1991); Hershko et aL. 7. Biol. Chem. 266:376 (1991)) have 

referred to as the chymotrypsin-like activity, the trypsin-like established that the ubtquitination/proteolysis pathway is 

activity, and the peptidyt glutamyl hydrolyzing activity. involved in cyclic degradation. Accordingly, compounds 

respectivdy. 60 that inhibit this pathway would cause cell cyde arrest and 

Various inhibitors of the peptidase activities of the pro- would be useful in the treatment of cancer, psoriasis, 

teasome have been reported (Dick et al.. Biochemistry restenosis, and other cell proliferative diseases. 

S^SCSS^^TS^S SUMMARY OF THE INVENTION 

Orlowski. Biochemistry 29:10289 (1990): Riven el aL. 65 The present invention provides previou sly unknown pep- 

Archs. Biochem. Biophys. 2 18:1 ( 1989): Riven et al.. J. BioL tidy! borooic add ester and arid compounds. The present 

Chem. 264 : 1 22 1 5-1 2J2 19 (1989); Tanaka ct al.. New Biol. invention also provides methods of using amino acid or 
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peptidyt boronic ester and acid compounds, in general, as 
inhibitors of proteasome function. 

In a first ernbodirncnt. the. present invention provides 
novel boronic acid and ester compounds having formula ( la) 
or (2a). as set forth below. 

Ad additional aspect of the present invention is related to 
the discovery that amino acid and pepudyl boronic acids and 
esters, in general, are potent and highly selective proteasome 
inhibitors and can be employed to inhibit proteasome func- 
tion. Inhibition of proteasome function has a number of 
practical therapeutic and prophylactic applications. 

In a second embodiment, the present invention provides a 
method for reducing the rate of muscle protein degradation 
to a cell comprising contacting said cell with a proteasome 
inhibitor having formula ( lb) or (2b) as defined below. This 
aspect of the present invention finds practical utility in 
inhibiting (reducing or preventing) the accelerated break- 
down of muscle proteins that accompanies various physi- 
ological and pathological states and is responsible to a Urge 
extent for the loss of muscle mass (atrophy) that follows 
nerve injury, fasting, fever* acidosis, and certain endocrino- 
pathics- 

In a third embodiment, the present invention provides a 
method for reducing the activity of NF-kB in a cell com- 
prising contacting the cell with a proteasome inhibitor of the 
formula (lb) or (2b). as set forth below. The inhibitors 
employed in the practice of the present invention are capable 
of preventing this activation. Thus, blocking NF-kB activity 
is contemplated as possessing important practical applica- i 
tion in various areas of medicine, e.g.. inflammation, sepsis. 
AIDS, and the like. 

In a fourth embodiment, the present invention provides a 
method of reducing the rate of degradation of p53 protein in 
a cell comprising administering to the cell a proteasome : 
inhibitor of the formula (lb) or (2b). as set forth below. 

In a fifth embodiment, the present invention provides a 
method for inhibiting cydin degradation in a cell comprising 
contacting said cells with a proteasome inhibitor of the 
formula (lb) or (2b). as set' forth below. Inhibiting cydin 
degradation is contemplated as possessing important prac- 
tical application in treating cell proliferative diseases, such 
as cancer, restenosis and psoriasis. 

In a sixth embodiment, the present invention provides a 
method for inhibiting the growth of a cancer cell, comprising 
contacting said cell with a proteasome inhibitor of the 
formula (la) or (2a). as set forth below. 

In a seventh embodiment, the present invention provides 
a method for inhibiting antigen presentation in a cell com- 
prising administering to the cell a proteasome inhibitor of 
the formula (lb) or (2b). as set forth bdow. 

In an eighth embodiment the present invention provides 
a method for inhibiting inducible NF-kB dependent cell 
adhesion in an animal comprising administering to said 
animal a proteasome inhibitor of the formula ( lb) or (2b). as 
set forth bdow. 

In a ninth embodiment the present invention provides a 
method for inhibiting HIV replication in an animal com- 
prising administering to said animal a proteasome inhibitor 
of the formula ( lb) or (2b). as set forth below. 

In a tenth embodiment, the present invention provides an 
approach for inhibiting cytolytic immune responses. The 
proteasome inhibitors of formula (lb) or (2b) can be used to 
inhibit the processing of internalized cellular or viral anti- 
gens into antigenic peptides that bind to MHC-I molecules 
in an animal, and are therefore useful for treating autoim- 



mune diseases and preventing rejection of foreign tissues, 
such as transplanted organs or grafts. 

In an eleventh embodiment, the present invention pro- 
vides pharmaceutical compositions that comprise com- 
5 pounds of formula (la), (lb). (2a> or (2b) in an amount 
effective to inhibit proteasome function in a mammal, and a 
pharmaceutical^ acceptable carrier or diluent. 

BRIEF DESCRIPTION OF THE FIGURES 
10 FIG. 1. Three day cumulative urinary 3-methylhistidinc. 
FIG. 2. NF-kB binding activity. 
FIG. 3. Inhibition by MG-273. 

DESCRIPTION OF THE PREFERRED 
t5 EMBODIMENTS 

A first aspect of the present invention is directed to novel 
subsets of boronic add and ester compounds having formula 
( la) or (2a) below. Novel compounds of formula ( la) 
indude the following: 
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or a pharmaceutically acceptable salt thereof; wherein 
P is .hydrogen or an amino-group-protecting moiety as 

further defined herein: 
B 1 . at each occurrence, is independently one of N or CH; 
X 1 . at each occurrence, is independently one of — C(0) 
— NH — . — CH 2 — NH — . — CH(OH>-CH ; — . -CH(OH) 
__CH(OH>— , — CH(OH ) — CH 2 — NH — . — CH=CH— . 
— C(0)CH 2 — . — SO 2 — NH — . — S0 2 — CH 2 — or — CH 
(OH)— CH 2 — C(0) — NH— . provided that when B 1 is N. 
then the X 1 attached to said B 1 is —OQ) — NH— ; 

X* is one of — C(O) — NH — . — CH(OH) — CH, — . — CH 
(OH>— CH(OH)— . — C(0)— CH 2 — , — SO,— NH— . 
_S0 2 —CH 2 — or — CH(OH) — CH 2 — QO) — NH — ; 
R is hydrogen or alkyL or R forms together with the 
adjacent R 1 . or when A is zero, forms together with the 
adjacent R 2 . a uitrogeQ-containing mono-, bi- or tri- 
cyclic, saturated or partially saturated ring system hav- 
ing 4-14 ring members, that can be optionally substi- 
tuted by one or two of keto. hydroxy. alkyL aryl. 
aralkyl. alkoxy or aryloxy; 
R 1 . at each occurrence, is independendy one of hydrogen. 
alkyL cydoalkyl. aryl. a 5-10 raembered saturated, 
partially unsaturated or aromatic heterocycle or 
— CH 2 — R 5 . where the ring portion of any of said aryl. 
, aralkyL alkaryl or heterocycle can be optionally sub- 
stituted; 

R 2 is one of hydrogen, alkyl. cydoalkyl. aryl. a 5-10 
raembered saturated, partially unsaturated or aromatic 
heterocycle or — CH— -R 5 . where the ring portion of 
any of said aryl. aralkyl. alkaryl or hcterocyde can be 
optionally substituted; 
R 3 is one of hydrogen, alkyl. cydoalkyl. aryl. a 5-10 
membered saturated, partially unsaturated or aromatic 
heterocycle or — CH 2 — R 5 . where the ring portion of 
any of said aryl. aralkyl. alkaryl or hcterocyde can be 
optionally substituted; 
R 5 . in each instance, is one of aryl. aralkyl. alkaryl 
cydoalkyL a 5-10 membered saturated, partially unsat- 
urated or aromatic hcterocyde or — W — R 6 . where W 
is a chaicogen and R 6 is alkyL where the ring portion 
of any of said aryL aralkyl. alkaryl or hcterocyde can 
be optionally substituted; 
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Z 1 and 7? are independently one of alky I. hydroxy, 
alkoxy. or aryloxy. or together Z' and Z : form a moiety 
derived from a dihydroxy compound having ai least 
two hydroxy groups separated by at least two connect- 
ing atoms in a chain or ring, said chain or ring com- 
prising carbon atoms, and optionally, a hetcroatom or 
heteroatoms which can be N. S. or O: and A is 0. 1. or 
2. 

Other novel boronic acid and ester derivatives include 
compounds having a single ami do acid side-chain. These 
compounds have the following formula: 



Y— N— X'— CH— BTZ' *Z-") 
I I 
H R J 



(10 



and pharmaceutically acceptable salts thereof: wherein 

Y is one of R 8 — C<0) — . R 8 — SO* — . R 8 — NH — C(0>- 
or R 8 — O — QO) — . where R 8 is one of alky I. aryL 
alkaryl. axalkyl. any of which can be optionally 
substituted, or when Y is R 8 — GO) — or R 8 — SO, — . 
then R 8 can also be an optionally substituted 5-10 
raerabered. saturated, partially unsaturated or aromatic 
heterocycle; 

X s is a covalent bond or — QO) — CH, — ; 

R 3 is one of hydrogen, alkyl. cycloallcyl. axyl. a 5-10 
mcmbered saturated, partially unsaturated or aromatic 
heterocycle or — CH 2 — R 5 . where the ring portion of 
any of said aryi. ar alkyl. alkaryl or heterocycle can be 
optionally substituted; 

R 5 . in each instance, is one of aryL ar alkyl. alkaryL 
cydoalkyl. a 5-10 mcmbered saturated, partially unsat- 
urated or aromatic heterocycle or — W — R 6 . where W 
is a chalcogen aod R 6 is alkyl. where the ring portion 
of any of said aryl. aralkyt. alkaryl or heterocycle can 
be optionally substituted; and 

Z 1 and 7? are independently alkyl. hydroxy, alkoxy. 
aryloxy. or together form a moiety derived from dihy- 
droxy compound having at least two hydroxy groups 
separated by at least two connecting atoms io a chain or 
ring, said chain or ring comprising carbon atoms, and 
optionally; a hetcroatom or heteroatoms which can be 
N. S. or O; 

provided that when Y is R 8 — C(0) — . R 8 is other than 

phenyL benzyl or C,-C 3 alkyl. 
Alternatively, the group Y in formula (2a) above, can be: 



invention also relates to the use of proteasocne inhibitors 
having formula ( lb) or (2b) for reducing the rate of protea- 
some dependent intracellular protein breakdown, such as 
reducing the rate of muscle protein degradation, reducing the 
S rate of degradation of p53 protein, and inhibiting cyctin 
degradation, and for inhibiting the activity of NF-icB in a 
cell. 

Finally, the present invention relates to the use of protea- 
some inhibitors having formula (lb) or (2b) for treating 

io specific conditions in animals that are mediated or 
exacerbated, directly of indirectly, by proteasome functions. 
These conditions include inflammatory conditions, such as 
tissue rejection, organ rejection, arthritis, infection, 
dermatoses, inflammatory bowel disease, asthma. 

IS osteoporosis, osteoarthritis and autoimmune disease such as 
lupus and multiple sclerosis; cell proliferative diseases, such 
as cancer, psoriasis and restenosis: and accelerated muscle 
protein breakdown that accompanies various physiological 
and pathological states and is responsible to a large extent 

20 for the loss of muscle mass (atrophy) that follows nerve 
injury, fasting, fever, acidosis, and certain endocrinopathic s. 
Proteasome inhibitors of formula (lb) include: 



P io_ N L B u_x«4 CH- 

R» Ir 11 J A it R« 



-X»— CH— EfZ 1 
I 

R° 



(lb) 



30 



P— CH Z — CH-C— ; 
I II 
R' O 



P is one of R 7 — C(O) — . R 7 — SO.— . R 7 — NH — QO) — 
or R 7 — O — C(0) — ; 

R 7 is one of alkyL aryL alkaryL aralkyl. any of which can 
be optionally substituted, or when Y is R 7 — C(0) — or 
R 7 — S0 2 — . R 7 can also be an optionally substituted 
5-10 mcmbered saturated, partially unsaturated or aro- 
matic heterocycle; and 

R 1 is defined above as for formula ( la). 

Pharmaceutical compositions Chat comprise compounds 
of formula ( la) or (2a) in an amount effective to inhibit 
proteasome function in a mammal, and a pharmaceu- 
tically acceptable carrier or diluent arc within the scope 
of the present invention. 

A second aspect of the present invention lies in the 
discovery that boronic acid and ester derivatives of amino 
acids and peptides, in general, as well as isosteric variations 
(hereof, inhibit proteasome function. Thus, the present 



or a pharmaceutically acceptable salt thereof; wherein 
10 is hydrogen or an arniao-grcKJp- protecting moiety; 
B 11 is independently one of N or CH; 
X", at each occurrence, is independently one of — C(0) 
— NH — . -^Hj-^JH— . — CH(OH) — CH , — . — CH(OH) 
_^H(OH)— . — CH(OH) — CH, — NH — . — CH=CH— . 
— QO)— C 2 — . — SO ; — NH — . — S0 2 — CH 2 — or — CH 
(OH>— CH, — C(O) — NH — . provided that when B n is N. 
then X u is — C(O) — NH: 

X 12 is one of — C(0) — NH — . — CH(OH>— CH,— . 
— CH(OH>— CH(OH>— . — C(O) — CH, — . —SO,— 
NH— . — SO, — CH,- or — CH(OH) — CH, — QO) — 
40 NH_; 

R l ° is hydrogen or alkyl. or R forms together with the 
adjacent R 1 or when A*° is zero, forms together with 
the adjacent R 12 . a nitrogen^onUining mono-, bi- or 
Cri -cyclic, saturated or partially saturated ring system 
45 having 4-14 ring members, thai can be optionally 
substituted by one or two of keto. hydroxy. alkyL aryL 
axalkyl. alkoxy or aryloxy; 
R il . at each occurrence, is independently one of 
hydrogen, alkyl. cydoalkyL aryl. a 5-10 mcmbered 
50 saturated, partially unsaturated or aromatic heterocycle 
or — CH, — R IS . where the ring portion of any of said 
aryl. aralkyl. alkaryl or heterocycle can be optionally 
substituted; 

R 12 and R 13 are each independently one of hydrogen. 

55 alkyL cydoalkyL aryL a 5-10 mcmbered saturated, 
partially unsaturated or aromatic heterocycle or 
— CH, — R l$ . where the ring portion of any of said aryL 
aralkyl. alkaryl or heterocycle can be optionally 
substituted, where R 15 is axyl. aralkyl. alkaryl. 

60 cydoalkyL a 5-10 mcmbered saturated, partially unsat- 
urated or aromatic heterocycle. or -chalcogen -alkyL 
where the ring portion of any of said aryL aralkyL 
alkaryl or hetcrocyde can be optionally substituted: 
Z u and Z 12 are independently alkyL hydroxy, alkoxy. 

65 aryloxy. or Z 1 1 and Z 1 2 together form a moiety derived 
from a dihydroxy compound having at least two 
hydroxy groups separated by at least two connecting 
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atoms in a chain or ring, said chain or ring comprising demic Press. New York ( 198 lj. Vol. 3. pp. 3-88: and Green, 

carbon atoms, and optionally, a heteroatom or hcteroa- T. W. & Wuis. P. G. M.. Projective Groups in Organic 

toms which can be M S. or O. and Synthesis, 2nd edition. John Wiley and Sons. Inc.. New \ork 

,o - n j < 1991). Preferred protecting groups include aryl-. aralkyl-. 

A is O. I. or I heteroaryl- and heteroaryUlkyU carbony! and sulfonyl moi- 

Proteasorae inhibitors of formula (2b) include: 5 J 

As used herein, the term Tteterocycie" is intended to 
y*-N-X»-OI-MZ"MZ?k <*• mcaa a ^ 5. |0 7 . monocyclic or 7- lo 

H R u lO-racmbered bicyclic heterocyclic moieties that are either 

saturated or unsaturated, and which consist of carbon atoms 
or pharmaceutically acceptable salts thereof; wherein 10 ^ ff0m { fo 4 hecroatoms independently selected from the 

Y 10 is one of R 8 — C(0) — . R 8 ^S0 2 — . R 8 — NH — C group consisting of N. O and S. wherein the nicrogen and 
(O) — or R 8 — O — CfO) — . where R 8 is one of alfcyt. sulfur heteroatoms can optionally be oxidized, the nitrogen 
aryl. alkaryl. aralkyl. any of which can be optionally can optionally be quaternized. and including any bicyclic 
substituted, or when Y is R 8 — C(0) — or R* — SO : — . group in which any of the above -defined heterocyclic rings 
then R 8 can also be an optionally substituted $-10 15 is fused to a benzene ring. The heterocyclic ring can be 
membered. saturated, partially unsaturated or aromatic attached to its pendant group at any heteroatom or carbon 
heterocycle- atom that results in a stable formula. The heterocyclic rings 

X' > is a covalent bond or -QO-CH,-; dcscribed can be substituted on carbon or on a 

c m nitrogen atom if the resulting compound is stable. Examples 
R l is one of hydrogen, alfcyt cycloalkyl. aryl. a 5-10 w ^ ^ ^ ^ ^ ^ DOt t0 . pyridyL 

membered saturated, partially unsaturaicd or aromatic imidi , furanyL thicnyL pyr rolyl. pyrazolyl. 

heterocycle or — CH,-R 15 . where the nng portion of jraidazolyL tetrazolyl. benzofuranyl. benzothiophenyl. 
any of said aryl. aralkyl, alkaryl or heterocycle can be indolyl indo | eny i. quinolinyl. isoquinolinyl. 
opuonally substituted; benziraidazolyl. piperidinyi. pyrroudinyl. 2-pyrrolidonyL 

R 13 . in each instance, is one of aryl. aralkyl. alkaryL 2J py^^yi. tetrahydrofuranyl. telrahydroquinolinyl. 
cycloalkyl. a 5-10 membered saturated, partially unsat- ictrahydroisoquinolinyl. decahydroquioolinyl or 
urated or aromatic heterocycle or — W— R 16 . where W oct ahydroisoquinolinyl. azocinyL triazinyl. 6H- 1.2.5- 
is a chalcogeo and R 16 is alkyL where the ring portion ihiadiazioyl. 2H.6H- 1.5.2-dithiazinyl. thiophene(yl). 
of any of said aryl. aralkyl. alkaryl or heterocycle can thiaothrenyl. furanyL pyranyL isobenzofuraiiyl. chromenyl. 
be opuonally substituted; and xaot heiiyi. phenoxathiinyL 2H-pyrrolyL pyrrole, imidazoiyl. 

Z u and Z 12 are independently alkyL hydroxy, alkoxy. pyrazolyl. isothiazolyl. isoxazolyl. pyridinyl. pyrazinyL 
aryloxy. or together form a moiety derived from a pyrimidinyl. pyridazinyl. indolizioyl. isoindotyL 
dihydroxy compound having at least two hydroxy 3 H-indolyl. indolyl. IH-indazolyl. purioyl. 4H-quinolizinyl. 
groups separated by at least two connecting atoms in a isoquinolinyl. quinolinyl. phthalazinyl. naphthyridioyl. 
chain or ring, said chain or ring comprising carbon 35 quinoxalinyl. quinazolinyl. cinnolinyl. pteridinyl. 4aH- 
atoms. and opuonally. a heteroatom or heteroatoms carbazolyl. carbazolyl. P-carbolinyl. phenaothridinyL 
which can be N. S. or O- acridinyl. phenanthrolinyL phenazinyl. phcnothiazinyl. 

Alternatively, the group Y in formula (2b) can be: furazanyl. pheooxazinyl. isochroraanyl. chromanyl. 

pyrrolklinyL irnidazolidinyl. imidazolinyl. pyrazolidioyl. 
p— CH 2 — CH— c— (3») ^ pyraxoiiny^ piperaztnyl. indolinyl. isoindolinyl. 

R i 0 quinudidinyl. rnorpholinyl or oxazolidinyL Also included 

arc fused ring aod sptro compouods containing, for example. 
P is one of R 7 — C(0) — . R 7 — S0 2 — . R 7 — NH — C(0) — ^ c heterocycles. 

or R 7 — O — C(0) — ; The term "substituted^ as used herein, means that one or 

R 7 is one of alkyL aryL alkaryL aralkyl. any of which can 45 mofC hydrogens of the designated moiety are replaced with 
be optionally substituted, or when Y is R 7 — C(0) — or a selection from the indicated group, provided that no atom's 
R 7 — - S0 2 — - R 7 can also be an optionally substituted normal valency is exceeded, and that the substitution results 
5-10 membered saturated, partially unsaturated or aro- j Q a stable compound. When a substituent is keto (Le.. =0). 
malic 10 heterocycle; and then 2 hydrogens attached to an atom of the moiety are 

R 1 is as defined for formula (la) above. 50 replaced. 

Preferred embodiments of the aforementioned methods of By "stable compound" or "stable formula" is meant 
use employ compounds of formula (la) and formula herein a compound that is sufficiently robust to survive 
(2a) as defined above. isolation to a useful degree of purity from a reaction mixture 

Pharmaceutical compositions comprising an effective and formulation into an efficacious therapeutic agent, 
amount of the proteasoroc inhibitcrs of formula (2a) or (2b). 55 The term "heteroaryl" as employed herein refers to groups 
in combination with any conventional pharmaceutically having 5 to 14 ring atoms; 6. 10 or 14 ji electrons shared in 
acceptable carrier or diluent are included in the present a cyclic array; and containing carbon atoms and I. 2 or 3 
invention. oxygen, nitrogen or sulfur heteroatoms (where examples of 

The term "amino- group-protecting moiety." as used heteroaryl groups are: thienyL benzol bl thicnyL naphtho|2. 
herein, refers to terminal amino protecting groups that are 60 3 -bl thienyL thianthrenyl. furyL pyranyL isobeazofuranyL 
typically employed in organic 20 synthesis, especially pep- benzoxazolyL chromenyl. xanlhenyl. phenoxathiiuyL 
lide synthesis. Any of the known categories of protecting 2H-pyrrolyl. pyrrolyL imidazolyl. pyrazolyl. pyridyL 
^oups can be employed, including acyl protecting groups. pyrazinyL pyrimidinyl. pyridazinyL indolizinyL isoindolyL 
such as acetyl, and benzoyl; aromatic urefhane protecting 3H-iudolyL indolyL indazolyl. purinyL 4H-quinolizinyl. 
^oups. such as benzyloxycarbonyl; and aliphatic urethanc 65 isoquinolyl. quinolyl. phthalazinyl. naphthyridinyl. 
protecting groups, such as tert-butoxycarbooyl. Sec. for quinazolinyl. cinnolinyl. pteridinyl. 4aH -carbazolyl. 
example. The Peptides. Gross and Mieohoffcr. eds- Aca- carbazolyl. P-carbolinyl. phenanthridinyl. acridinyl. 
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pcrimidinvl. phcnanihrolinyl. phetminyl. isothiazolyl. inorganic acid, preferably by comaci in solution, or by any 
phcnothiazinyl. isoxazolyl. furazanyl and phenoxazinyl of the standard methods detailed in the literatu re available to 
groups), any practitioner skilled in the art. Examples of useful 

The terras "substituted heteroaryr or "optionally substi- . organic acids are carboxylic acids such as nialeic acid, acetic 
tuted heteroaryl." used in reference to R 1 . refer to hetcroaryl s ac id. tartaric acid, propionic acid, furturic acid, iseihionic 
groups, as defined above, having one or more substituents iC - t ^ succinic acid, cyclamic acid, pivalic acid and the like; 
selected from halogen. C l 6 alkyl. C,^ alkoxy. carboxy. usc f u j inorganic acids are hydrohalide acids such as HO. 
amino. C,^ alkylamino and/or di(C l 6 )alkylamioo. ^ Bf Hl; sulfuric acid; phosphoric acid and the like. Pre- 

The term ~aryT as employed herein by itself or as part of fcfTcd xiAs for faming acid addition salts include HO and 
another group refers to monocydtc or bicydic aromatic (Q acctic ad4 

groups containing from 6 to 12 carbons in the ring portion. ^ cstcrs of boronic acid compounds of the 

preferably 6-10 carbons in the ring portwn. such as phenyl. invciUioo m aUo -n, csc esters are formed 

naphlhyl or tetrahydronaphthyl. . ^ mc acid groups of ^ boronic acid with a 

•Hie term "substituted aryl as employed ^eia mclude. * hydr0 xy compounds are dihy- 

aryl groups, as defined above ^ one or two J /^^^ cspcciaJ1 / pinact)l . ^fluoropinacol. 

substituents on either the phenyl or naphthy I group selected w w _ •> B *~ . t it 

r r .. i r ^iLitii r aiirvirr \rvrlnalkvl pinanediol. ethylene glycol, diethyleoe glycol. 1.2- 
STSiS ?:/^>^c Sc^S. 'cydc^anedio,. I J-propancdiol. W-^cdio.. g.yccro, 
d^C,^)au*ylamino. benzyUmino. dibenzylamino. nitro. or diethanolanune. 

carboxy carbtfC^^oxy. trifluoromethyL halogen. The P moiety of the proleasorae inhibitor of formula ( la) 

alkoxy. C 6 IO aryUC.^alkoxy. hydroxy. C t ^ alkyuhio. 20 is preferably one of R — C(0>^ R —SO,—. R NH 
alkylsulfinyl. C,^ alkylsulfonyl. C 6 . l0 aryL C^o arylthio. C(0>- or R 7 -0-C(0)— . and R is one of alkyl. 
C frl0 arylsulfinyl and/or C*. lo arylsulfonyl. cydoalkyl. aryl- aralkyl. hetcroaryl or heteroarylalkyl. the 

The term "alkyi" as employed herein includes both ring portion of any of which can be optionally substituted, 
straight and branched chain radicals of up to 12 carbons. or if Y is R 7 --C(0>— or R 7 — S0 2 — then R can also be 
preferably 1-S carbons, such as methyl, ethyl, propyl. 25 a saturated or partially unsaturated heterocycle. ^ 
isopropyl. butyl, t-butyl. isobutyl. pcntyl. hexyl. isohexyl. More preferably. P is one of R 7 — C(0>— or R — SO.— . 
heptyl. 4.4-diraethylpentyl. octyl. 2.2.4 -triraethylpentyl. and R 7 is one of aryL aralkyl. hetcroaryl or heteroarylalkyl. 
nonyl. decyl. undecyl and dodecyL any of which can be optionally substituted, or a saturated or 

The term "substituted alkyP as employed herein includes partially unsaturated heterocycle- 
alkyl groups as defined above that have one. two or three 30 Where R 7 is alkyl. it is preferably straight chained or 
halo substituents. or one C |j6 aUcyKQ^MryL hal^C^o) branched alkyl of from I to 6 carbon atoms, more preferably 
aryl. C, « cydoalkyl. C 4< alkyl(C 3 _«)cycloalkyl. C 2 * 1-4 carbon atoms. Useful values include methyl. ethyL 
alkenyl.*C 2 e alkynyU hydroxy aod/or carboxy. propyl, butyl, isopropyl. isobutyl and tert butyK with methyl 

The terra "cvcloalkyT as employed herein includes satu being most preferred. Additionally, where R is alkaryL 
rated cyclic hydrocarbon groups containing 3 to 12 carbons. 35 aralkyl or heteroarylalkyl. the alkyl moiety thereof is also 
preferably 3 to 8 carbons, which include cyclopropyl. preferably one having from 1 to 4 carbon atoms, and most 
cyclobutyl. eyclopcntyl. cyclohexyl. cycloheptyl. preferably I carbon atom. 

cydooctyl. cydodecyl and cyclododecyl. any of which Where R 7 is aryl. it is preferably aryl of from 5 to 10 
groups can be substituted with substituents such as halogen. carbon atoms, more preferably 6 to 10 carbon atoms. Where 
C 1j6 alkyl. alkoxy and/or hydroxy group. 40 R 7 is hetcroaryl . one or more of the carbon atoms of the 

The term -aralkyl" or "arylalkyl" as used herein by itself aforementioned aryl is replaced by one to three of O. N. or 
or as part of another group refers to C l-6 alkyl groups as S. The aryl and heteroaryl moieties may. if desired, be ring 
discussed above having an aryl subslituent. such as benzyL substituted. Useful ring substituents include one or two of 

The term "halogen" or "halo" as used herein by itself or hydroxy, nitro. tf ttuororaethyl. halogen, alkyl. alkoxy. 
as part of another group refers to chlorine, bromine, fluorine 45 cyano. Q. l0 aryl. benzyl, carboxyalkoxy. amino, and guanj- 
or iodine with chlorine being preferred. dino. Preferred substituents include halogen. Chalky I. C t * 

For medicinal use. the pharmaceutically acceptable acid alkoxy, phenyl and benzyL Additionally, where R is alkaryL 
and base addition salts, those salts in which the anion does aralkyl or heteroarylalkyl. the above statements equally 
not contribute significantly to toxicity or pharmacological apply. 

activity of the organic cation, are preferred. Basic salts are 50 Useful R 7 aryl and aralkyl groups include phenyl 4-tolyL 

formed by mixing a solution of a boronic acid (Z 1 and Z 2 are benzyl, pbenethyl . naphthyt and naphthylmethyL 

both OH) of the present invention with a solution of a Preferred hetcroaryl groups are quinoIinyL quinoxalinyL 

pharmaceuticaUy acceptable non-toxic base, such as. pyridyl. pyrazinyl. furanyl or pyrrolyt. Useful values of R 

sodium hydroxide, potassium hydroxide, sodium heteroaryl include 8-quinolinyl.2-<juinoxalinyl. 2-pyrazinyI. 

bicarbonate, sodium carbonate, or ao amino compound, such 55 3 furanyl. 2-pyridyl. 3-pyridyl and 4-pyridyL 

as choline hydroxide. Tris. bis-Tris. N-methylglucarnine or Preferred saturated or partially saturated heterocycle moi- 

argininc. Water-soluble salts are preferable. Thus, suitable ctics arc 5-. 6-. 9- and 10- membered hetcrocycles having 

salts include: alkaline metal salts (sodium, potassium etc.). one. two or three ring heteroatoms selected from O. S or N. 

alia line earth metal salts (magnesium, calcium etc), ammo- A useful value is N-morpholinyl. 

niura salts and salts of pharmaceutically acceptable amines 60 Preferred cycloalkyl moieties include C 3I0 cydoalkyl. 
(tetramethylamraoniura. triethylarnine. methylaraiue. Useful values include cydopentyl. cydohexyl. cycloheptyl. 
dimethylaraine. cyciopcntylarainc. bcnzylamine. cydooctyl and cydoaonyl. 

phencthylamine. pipcridine monoethanolamine. Especially preferred values of P are 2-r^zinecarbouyl. 

diethanolaminc. tris(hydroxyraemy1>arnine. lysine, arginine 8-quinolincsulfonyl and N-morpholinyL 
and N-memyl-D-glw^mine). 65 As noted above. A in formula ( la) and ( lb) can be either 

The acid addition sails are obtained either by reaction of 0. 1 or 1 Thus, when A is zero, the residue within the 
an organic base of formula (la) or (2a; with an organic or brackets is not present and the inhibitor is a dipepudc. 
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Similarly, where A is I. the amine* acid or isosteric residue 
within the brackets is present and the inhibitor is a tripeptide. 
Where A is 2. the inhibitor is a tetrapeptide. Most preferably. 
A is zero. 

it is preferred that R 1 . R 2 . and R 3 in formula ( la) and ( lb) 
are each independently one of hydrogen. alkyL Cj. l0 
cycloalkyl. Q_ I0 *ryl- 2 6- ^~ ^ membered het- 
croaryl group, or — ClU — R 5 . and more preferably C t . 6 
alkyl or — OU — R 5 wherein R 1 . R\ R 3 and R 5 are option- 
ally substituted. More preferably. R 1 . R 2 and R 3 are each 
independently one of C |Jt alkyl. e.g.. methyl, ethyl, propyl, 
butyl, isopropyl. isobutyl. sec-butyl and t -butyl, or — CH> — 
R $ . where R 5 is one of cycloalkyl. aryt or heterocyde. R 5 is 
preferably one of C^ l0 aryl. C^ to ar(C^)alkyL alk 
(Q io)aryl. C 3 . l0 cydoalkyl. C A ^ alkoxy. C,^ alkylthio or 
a 5-. 6-. 9- or 10- membered heteroaryl group- 
Trie ring portion of any of said aryl. ar alky L alkaryl or 5-. 
6-. 9- or 10- membered hetcroaryl groups of R\ R 2 . R 3 and 
R 5 can be optionally substituted by one or two subsutueots 
independently selected from the group coosisting of 
alkyl. C 3 .,. cycloalkyl. C,_« alkyl(Cj. 8 )cycioalkyl. C 2 ^ 
alkenyl. C 2 ^ alkyoyL cyano. amino. C,^ alkylamino. difQ. 
6>alkylamino. benzytamino. dibenzylaraino. nilro. carboxy. 
carboCCj^^lkoxy. trifiuoromethyl. halogen. C l 6 alkoxy, 
<^ lo aryl. Q_ lo aryl(C^)alkyl. Q. l0 aryl(C ^alkoxy. 
hydroxy. d. 6 alkylthio. C,. 6 alkylsulfinyl. C I 6 
alkytsulfonyl. C 6 . lo arylthio. Q. lo arylsulfinyl. C«_ lo 
aryisulfooyL C t + aryl. C,^ alkyKQ^oiaryL and haloCQ 
to)aryL 

It is more preferred that at least one of R l and R 2 is 
isobutyl or — CH, — R s . and most preferred that R 2 is 
— CH 2 — R s . It is preferred that R 5 is Q. lo aryl. a 5-. 6-. 9- 
or 10- membered heteroaryl group having one to three 
heteroatoms independently selected from O. N and S. 

Most preferably. R 2 is isobutyl. 6-quinoLinylmethyl. 

3- iodolylraethyl. 4-pyridylracthyI. 3-pyridylmethyl. 
2-pyridyImcthyl. benzyl. 1-naphthylraethyl. 
2-naphthylmethyl. 4-fiuorobenzyl. 4-benzyloxybenzyL 

4- p , -pyridylmethoxy)beazyl or benzybaphthylmethyl. 
Preferably. R 3 is C I J2 alkyl. more preferably C l-6 alkyL 

most preferably C 4 alkyl. such as isobutyL 

Where R 1 . R 2 or R 3 is a substituted alkyL it is preferably 
C IU alkyl substituted with at least one cycloalkyl group, 
preferably a cycloalkyl group. 

Where R\ R 2 . R 3 . or R 5 is substituted aryt or substituted 
heterocyde. it is preferably substituted with at least oqcC m 
alkyl group. 

Where R*. R*. R 3 or R 5 is cycloalkyl. it is preferably C 3 ^ 
cycloalkyl. e.g.. cyclopeatyl or cyclohcxyL and can be 
optionally substituted with at least one Q_ lo aryt group or at 
least one alkyl group, preferably aC w alkyl group. 

Where R 5 is — W — R 6 . W is a chalcogeo. preferably 
oxygen or sulfur, more preferably sulfur, and R 6 is alkyl. 
preferably C,^ alkyl. e.g.. methyl. cthyL propyl, butyl, or 
isomers thereof- 
Preferred values of R indudc hydrogen or alkyL 
more preferably C l-4 alkyL Useful values of R indudc 





.a. 
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The nitrogen in each of the above formulae is attached to P 
in formula (la) and the open valence carbon is attached to 
either X 1 or X 2 . 

It is preferred that Z 1 and 7? are each independently one 
of C,^ alkyL hydroxy. alkoxy. and Q_ l0 aryloxy; or 
together Z 1 and 7? preferably form a moiety derived from a 
dihydroxy compound selected from the group consisting of 
pinaooL perfluoropinacol. pinancdioL ethylene glycol, dieth- 
yiene glycol. 1^-cydohexanediol. 13 -propanediol. 23- 
butanedioL glycerol or dietfianolamifle. or other equivalents 
apparent to those skilled in the art- Useful values indude 
raethyL ethyl, propyl and n -butyl. Most preferably. Z 1 and 
Z 2 are hydroxy. 

A preferred embodiment of the invention is directed to a 
subgenus of compounds having formula (la) above, where 
P is R 7 _C(0) — or R 7 — S0 2 — . and R 7 is one of quinolinyL 
_ r quinoxalinyl. pyridyl. pyrazinyl. furanyl or pyrrolyL and 

methyl, ethyl. isopropyL isobutyl and n-butyL Additionally. 60 when P is R 7 — C(0) — . R 7 can also be N-rnorpholinyl. 
R can form together with the adjacent R 1 . or when A is zero. A preferred group of compounds of this embodiment arc 

form together with the adjacent R 2 . a aitrogc^-containing compounds of formula (la) wherein P is one of 
mono-, bi- or tri -cyclic, saturated or partially saturated ring quinolinecarbonyl. pyridinecarbonyl. quinolinesulfonyl. 
system having 4-14 ring members, and can be optionally qui noxalinccarbooy I. quinoxalincsulfonyl. 
substituted by one or two of keto. hydroxy, aryl. alkoxy or 65 pyrazinecarbooyL pyrazinesulfonyL furancarbonyl. furan- 
arytoxy. It is preferred that the ring system be chosen from sulfonyl or N-roorpholinylcarbooyl; A is zero; X 2 is — GO) 
one of: — NH— ; R is hydrogen or C^, alkyl; R 2 and R 3 are each 
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independently one of hydrogen. C,. fi aUcyLC,. (C cydoalkyl. 
Q. lo ary»- Q-.o artC^Mlkyl- pyridylmethyl. or quinolinyl- 
iueth>1: and Z l and Z" are both hydroxy. C |j6 alkoxy. or 
C^ (0 aryloxy. or together Z 1 and Z" form a moiety derived 
from a dihydroxy compound selected from the group con- 
sisting of pinacol. perfluoropinacol. pinanediol. ethylene 
glycol, diethylcne glycol. 1.2-cyclohexanediol. 1.3- 
propancdiol. 2.3-buianediol. glycerol or diethanolamine. 

Even more preferred axe those compounds wherein: P is 
8-quinolinecarbonyl. 8-quinoltnesulfony I. 
2-quinoxalinccarbonyl. 2-quinoxalinesulfonyl. 

2- pyrazinecarbonyl. 2-pyrazinesulfonyl. 

3- pyrtdinccarbonyl. 3-pyridinesulfonyl. 3-furancarbonyl. 

3- furansulfonyl or N-morpholinccarbonyl; R is hydrogen; 
R 3 is isobutyl: R 2 is isobutyl. 1-naphthylraethyl. 
2-naphthylmethyl. 3-pyridy I methyl. 2-pyridylraethyl 
6-quinoiinylmethyl. 3-iodolylraethyl. benzyl. 

4- fluorobenzyl. 4-hydroxybenzyl. 4^2-pyridylmethoxy) 
benzyl. 4-<beozyloxy>benzyl. benzylnaphthylmethyl or 
pheneihyl: and Z l and Z 2 are both hydroxy, or together Z l 
and 7? form a moiety derived 
selected from the group consisting of p 
perauoropinacol. pinanediol. ethylene glycol, diethylcne 
glycol. 1.2-cyclohexanediol. 1.3-propanediol. 2.3- 
butanediol. glycerol or diethanolamine. 25 

Another preferred embodiment of the present invention is 
' directed to compounds of formula ( la) where A is zero. 
These compounds possess unexpectedly high potency and 
selectivity as inhibitors of proteasome function. 

A third preferred subgenus of compounds are compounds M 
of formula (la) where one of R 1 . R 2 or R s corresponds to an 
amino acid side -chain corresponding to tyrosine or an 
O-substituted tyrosine derivative, formed by reacting the 
hydroxyl group of the tyrosine side -chain with a compound 
having a reactive functional group. This subgenus includes 35 
compounds having the formula (la), wherein at least ooe R 1 . 
R 2 or R 3 is: 



Useful values of R° include benzyl, phenethyl. pyridyl. 
pyridylmethyl. furanylraethyl pyrrolymethyl. 
pyrrol idylmethy I. oxazdy I methyl and iruidazoty I methyl. 

The ring portion of any of said aryt. aralkyl. alkaryl or 5-. 
6-. 9- or 10-membered heteroaryl groups of R\ R*. R' and 
R 5 can be optionally substituted by one or two substituents 
independently selected from the group consisting of C.,_ 6 
alkyl. C,., cycloalkyl. C % + allcyl(C 3 . 8 )cycloalk>'l. C 28 
alkenyl. (X 8 alkynyl. cyano. amino. alfcylamino. di<C,_ 
6)alkylamino. benzylamino. dibenzyUmino. nitro. carboxy. 
carbo(C |H6 >auCoxy. trifluoromethyt. halogen. C I-6 alkoxy. 
C^to aryl. C 6lo aryUC l6 )alfcyl. C^oaryKCV^lkoxy. 
hydroxy. C\_ 6 alkylthio. C l 6 alkylsulfinyl. C l 6 
alkylsulfonyl. C 6 . l0 arylthio. C^q arylsulfinyl. C 6 I0 



arytsulfonyl. C^ lo aryl. alkyKC 6 . l0 )aryl. and halo(C 6 _ 
io)aryl. 

A preferred class of compounds of this embodiment are 
compounds of formula (la) wherein: A is zero; P is one of 
fC-dOy— . R 7 — SO 2 — * R 7 — NH — C(0) — or R 7 — O— 
. . w C(0)— : R 7 is one of quinolinyl. quinoxalinyt. pyridyl. 

both hydroxy, or together L M * furanyl or pynolyl. or when P is R 7 -C<0)~. R 7 
from a dihydroxy compound ^ ^ l; x = {s ^qV-NH-; R* is 

consisting of pinacol. o! .. r 



alkyl. R 2 is 



-CH; 



O — R* 



-CH 2 



O— R* 



A 1 



where R 9 is one of hydrogen, alkyl. cycloalkyl. aryl. aralkyl. 45 
heteroaryl or heteroarylalkyl. wherein the alkyl is optionally 
substituted with one of alkyl. halogen, monohalo (C l-6 ) 
alkyl. and trifluoromethyl; and wherein said cycloalkyl. aryl. 
aralkyl. heteroaryl and heteroarylalkyl groups can be option- 
ally substituted with one or two of C,. 6 alkyl. C^.e 50 
cycloalkyl. alkyl(C 3 ^)c*doalkyL C 2 + alkcnyL 
alkynyl. cyano. amino. C ^ alkyl ami no. difC, -6 )alkylamino, 
benzylamino. dibenzyUmino. nitro. carboxy. carbo(C |j6 ) 
alkoxy. trifluoromethyl. halogen. C |j6 alkoxy. C^ to ryl. 
Cfi-io aryl (C l4 )alkyl. C^ lo aryl(C^ to )alkoxy. hydroxy 
alkylthio. C,^ alkylsulfinyl. alkytsulfonyl. Q. lo 
arylthio. Q_ to arylsulfinyL C 6 . lo arylsulfonyl. C 6 . |G aryL 
C^alkyHQ^oWl. and hakKQ^oWl; and A 1 and A 7 are 
independently one of hydrogen. C t * alkyl. halogen. 
monohalo(C,^)alkyl. or trifluoromethyl. 

The group — O— R 9 is in either the ortho- or para- 
position, with para- being preferred. The groups A 1 and A* 
can be at any remaining positions on the phenyl ring. 

It is preferred that R 9 is one of C,. e alkyl. Cj_ io 
cycloalkyL Q.,0 aryl. C 6l0 ar (C,^>alkyl. 5- to 10- raem- 
bered heteroaryl or 5- to lO-roembcrcd heteroaryl(C l-6 ) 
alkyL 



where A 1 and A 2 are independendy one of hydrogen. C,^ 
alkyl. halogen. monohaloCC^Jalkyl or trifluoromethyl; and 
R 9 is one of hydrogen. C t * alkyl. phenyL benzyl, phenethyl 
or pyridylmethyl; and 

Z 1 and Z 2 are both hydroxy. C^alkoxy. or Q. lo aryloxy. 
or together Z 1 and Z 2 form a moiety derived from a 
dihydroxy compound selected from the group consisting of 
pinacol. perfluoropinacol. pinanediol. ethylene glycol, dieth- 
ylcne glycol. l.2-cyclohexanedic4, 1 J -propanediol. 23- 
butanediol. glycerol or dieth anolamin e . 

Even more preferred are compounds of formula (la) 
wherein: A is zero; P is 8-quinolinecarbooyl. 
8-quinolinesulfonyl. 2-quinoxalinecarbonyl. 
2-quinoxalinesulfonyl, 2-pyrazinecarbonyl. 

2- pyrazinesulfonyl. 3-pyridinecarbonyl. 3-pyridincsulfonyL 

3- furancarbonyl. 3-furansulfonyl or N - raorpholinecarbooy I ; 
X 2 is — C(0) — NH — ; R 3 is isobutyl; R 2 is: 



O — R* 



55 where A 1 and A 2 are independently one of hydrogen, 
methyl. ethyL chloro. fluoro. or trifluoromethyl; and R 9 is 
one of hydrogen, methyl, ethyl, butyl, phenyl, benzyl, phen- 
ethyl or pyridylmethyl: and 

Z 1 and Z" are both hydroxy, or together Z 1 and Z 2 form 
60 a moiety derived from a dihydroxy compound selected from 
the group consisting of pinacol. perfluoropinacol. 
pinanediol. ethylene glycol, diethylenc glycol. 1.2- 
cydohcxanedioL I J-propancdiol. 2.3-butanediol. glycerol 
or diethanolamine. 

A fourth preferred subgenus of compounds includes com- 
pounds of formula (la) wherein one of the amino acid 
side -chains, preferably the side-chain defined by R 2 . is an 
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unnatural amino acid selected from naphlhylmethyl. 
pyridylmeihyl and quinolinylmethyt. with qui nolinyl methyl 
being most preferred- Thus, this subgenus induces com- 
pounds of formula ( la), wherein at least ooc R 1 . R~ or R 1 is 
naphthylmethyl. pyridylmeihyl or quinolinylmethyl: pro- 5 
vided that the compound is other than isovaleryt- 
phenylalaninc-norvaline-l(naphlhylmethyl). (4.4.5.5- 
tetraraethyl- l3.2-dioxaborolaoe-2-ylj|meihylamidc or(3-t- 
butylsulfonyl)proptonyl-norvaline-( 1-naphthyl. 
dihydroxyboryl)methylajnide. 10 

A fifth preferred subgenus includes compounds of for- 
mula ( la) where R. together with R 1 . or with R* when A is 
zero, forms a nitrogen containing heterocycle. This subge- 
nus includes compounds having formula (la), wherein: 

R forms together with the adjacent R l . or when A is zero. 15 
forms together with the adjacent R 2 . a nitrogen-containing 
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mono-, bi- or iri-cyclic. saturated or partially saturated ring 
system having 4-14 ring members, and one or two optional 
substituems selected from the group consisting of keto. 
hydroxy, aryl. alkoxy and aryloxy; 

when A is 2. the R 1 that is not adjacent to N-R is one of 
hydrogen, alkyl. cycloaikyl. aryt. heterocycle or — CH 2 — 
R 5 : and when A is 1 or 2. R* is one of hydrogen, alkyl. 
cycloalkyL aryl. heterocycle or — CH 2 — R 5 - where R s is 
defined as above. 

A preferred class of compounds of this embodirnent of the 
invention arc those wherein: A is zero; P is hydrogen; X" is 
— C(0)NH — ; and R forms together with the adjacent R 2 . 
one of the nitrogen-coataining ring systems shown in the 
above structures; R J is C,^ alkyl: and Z 1 and 7? are both 
hydroxy. C , ^ alkoxy. or C*. l0 aryloxy. or together Z l and Z 2 
form a moiety derived from a dihydroxy compound selected 
from the group consisting of ptnacol. perfiuoropinacol. 
pinanediol. ethylene glycol, diethylene glycol. 1.2- 
cydohexanediol. 13 -propanediol. 23-butanediol. glycerol 
or dierhanotaminc. The hydrochloride salts of these com- 
pounds are also especially preferred. 

Even more preferred are those compounds wherein R 
forms together with the adjacent R 2 . a nitrogen-containing 
ring system having one of the structures shown above: R 3 is 
isobutyl; and Z l and Z 2 are both hydroxy, or together Z l and 
Z 2 form a moiety derived from a dihydroxy compound 
selected from the group consisting of pinacol. 
perfluoropinacol. pinanediol. ethylene glycol, diethylene 
glycol. 1.2-cyclohexancdioL 1 J -propanediol. 2.3- 
butanediol. glycerol or diethanolamine. 

Examples of suitable proteasome inhibitors indude with- 
out limitation the following compounds, as well as pharraa- 
ccutically acceptable salts and boronatc esters thereof: 
N-(4-rac*prK>foe)carbouyl-p-( 1 -naphthyl)-L-alaninc-L- 

leucinc boronic acid. 
N-(8-quinoline)sulfonyl-(H 1 -naphtbyl)-L-alanine-L- 

leucine boronic acid. 
N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine 

boronic acid. 
L-proline-L-leudne boronic acid. 

N-(2-quinolioe)carbonyl-L-homophenylalanine-L- 

1 en cine boronic acid. 
N-(3-pyridine)carbonyl-L-phenyIalaninc-L-leucine ^ 

boronic add. 

N-(3-phenylpropionyl)-L-phcnylalantnc-L-leucine 
boronic add. 

N-{4-morphoIine)carbonyl-L-pbenylalanine-L-leucine 
boronic add. 6$ 

N -< 4 -raorpholine K^rhony I -(O -benzyl )-L-ty rosin e-L- 
teucine boronic add. 



N-< 4-morpholine >carbonyl-L-r\*rostne-L -leucine boronic 
acid, and 

N-(4-morpholine )carbonyl-|0-(2-pyridylrneihyl)|-L- 

tyrosine-L- leucine boronic acid. 
Preferred compounds having formula (2a) include com- 
pounds where Y is one of R 8 — C(O) — . R 8 — SO, — . 
R 8 — NH — C(O) — or R 8 — O— C(0>— . and 

R 8 is one of Q. lo aryl. C 6 . lo artQ^kyl. or a 5- 10 
membered heteroaryt. any of which can be optionally 
substituted, or when P is R 8 — C(0 ) — . R 8 can also be 
N-morphoUnyl; provided that when Y is R 8 — C(0) — . then 
R 8 is other than phenyl, benzyl or C t ^ alkyl. 

Where R 8 is alkyl. it is preferably alkyl of from 1 lo 4 
carbon atoms. e.g.. methyl, ethyl, propyl, butyl, or isomers 
thereof. Additionally, where R 8 is alkaryl or aralkyl. the 
alkyl moiety thereof is also preferably one having from 1 to 
4 carbon atoms. 

Where R 8 is aryl. it is preferably aryl of from 6 to 10 
carbon atoms, e.g.. phenyl or naphthyl. which may. if 
desired, be ring substituted. Additionally, where R 8 is 
alkaryl. aralkyl. aryloxy. alkaryloxy. or aralkoxy. the aryl 
moiety thereof is also preferably one having from 5 to 10 
carbon atoms, most preferably 6 to 10 carbon atoms. 
Preferably, the R 8 moiety is a saturated, partially unsaturated 
or aromatic heterocycle- more preferably an isomeric pyri- 
dine ring or morpholine ring. 
Y is most preferably one of: 




40 

where R 4 is C^ 12 alkyl. 

In an additional preferred embodiment of the present 
invention, the Y moiety of the proteasome inhibitor of 
formula (2a) is an isosteric amino add replacement of 
45 formula (3a): 



P— CH 2 — CH— C— ; 
I B 
R 1 O 



O*) 



55 



50 where R 1 is as defined for formula (la) above. Useful and 
preferred values of R 1 arc the same as those defined for 
formula (la) above; and 

P is one of fC—CXO)—. R 7 — S0 2 — . R 7 — NH — C(0) — 
or R 7 — O — C(Oh-. and R 7 is one of alkyt aryL 
alkaryl. aralkyl. any of which can be optionally 
substituted, or when Y is R 7 — C(O) — or R 7 — SO,—. 
R 7 can also be an optionally substituted 5-10 mem- 
bered saturated, partially unsaturated or aromatic het- 
erocycle. 

Useful and preferred values of R 7 . when R 7 is one of 
alkyL aryL alkaryl. aralkyL any of which are optionally 
substituted are as defined for formula (la) above. When R 7 
is optionally substituted 5-10 membered saturated, partially 
unsaturated or aromatic heterocycle. preferred and useful 
values are as defined for heteroaryt. unsaturated and partially 
saturated heterocycle of the R 7 of formula ( la). In this aspect 
of the invention Y is most preferably: 
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In formula ( la) and < lb). X 1 represents a peptide bond or 
an isostere that can be used as a peptide bond replacement 
in the proteasome inhibitors to increase bioavaG ability and 
reduce hydrolytic metabolism. As noted above. X' can be 
one of — OOjNH— . — CH : — NH — . — CH(OH>— CH 
<OH)— . — CH(OH) — CH ; — CH(OH) — CH, — NH — . 
— CH=CH — . — C<Oh-CH : — - — SO ; — NH — . — SO,— 
CH : — or — CH(OH>— CH 2 — QOh-NH- Preferably. X 1 
10 is — C(Oj — NH — . 

Introduction of these X* moieties into the proieasome 
inhibitors results in the following wherein R, and R y have 
In either embodiment of the compounds of formula (2a). the same definitions as R* and R\ above and p. Z 1 . Z" and 
useful and preferred values of R 3 are the same as for formula r 3 are defined as above for formula ( la). 
(1 a) above. 



peptide bood 



o R, 



R 1 

2 i 



keto methylene isostere 



NH ^B(Z')fZ*) 



I ' ^ 



reduced peptide bond 



NH ^B(Z r )CZ7) 




bydroxyetbylene isostere 



OH R, 



R, OH O 



Ri dibydroxyetbvleac tsostcrc 

OH O | * 




hydxoxvetbytaxniae isostere 



atkene isostere 



CH 



R. 0 ° I 

H « L 



sulfonamide isostere 



R J 

° I 



sulfooc methylene isostere 



H ■ ' 
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-continued 



Pi I 

X NT CH— CH — C— NH — CH — BfZ'jfZ-* 
Hi *H 
OH O 



Thus, for example, if Z-Leu-Leu-Leu-B(OH) 2 is found to The above -described boronic ester and acid compounds 

undergo rapid hydrolytic metabolism to produce Z-Leu-OH 10 include both D and L peptidyl configurations. However. L 

and H 2 N-Leu-Leu-B(OH),. the hydroxyethyteoe isostere configurations are preferred- 
can be prepared to eliminate this reaction: 



A 



or • 




B(OHh 



V 



Another group of compounds of the present invention arc 
aza-peptide isosteres. This is the result of the replacement of 
the a -carbon atom of an amino add with a nitrogen atom, 
eg-. 



R, o 
I H it 

"or, 



R J 
I 

CH 



NH 



wherein R^ represents R 1 . R, represents R 1 . P. Z 1 . 7? and R 3 
are defined as above for formula (la) ami < lb). 

When P and R are both H. formula (1) will exist in 
equilibrium with a cyclic formula (4). which is considered to 
be covered by the current invention: 
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The present invention relates to a method for reducing the 
rate of muscle protein degradation in a cell comprising 
contacting the cell with a proteasoroe inhibitor described 
above. More specifically, the present invention relates to a 

40 method for reducing the rate of loss of muscle mass in an 
animal comprising contacting cells of the muscle with a 
proteasomc inhibitor described above. 

The present invention also relates to a method for reduc- 
ing the activity of NF-kB in a cell comprising contacting the 

45 cell with a proteasoroe inhibitor described above. More 
specifically, die present invention also relates to a method 
for reducing the activity of NF-kB in an animal comprising 
contacting cells of the animal with a proteasomc inhibitor 
described above. 

50 The present invention also relates to a method for reduc- 
ing the rate of proteasoroe -dependent intracellular protein 



H— N — Pb« 
1 I 1 



— X l l — CH— X 1 — CH— b^xz*); 
J* R1 R J 



CH 



R J 



R 1 

I Z* 
CH / 

\ 

N*— H 

r\). 



(4) 
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breakdown comprising contacting ccUs with a proteasome 
inhibilor described above. More specifically, the present 
invention also relates to a method for reducing the rate of 
intracellular protein breakdown in an animal comprising 
contacting cells of the animal with the proteasome inhibitor 
described above. 

The present invention further relates to a method of 
reducing the rate of degradation of p53 protein in a cell 
comprising administering to the cell a proteasome inhibitor 
described above. More specifically, the present invention 
further provides a method of reducing the rate of degrada- 
tion of p53 protein in an animal (preferably, an animal 
subjected to DNA damaging drugs or radiation) comprising 
admin isle ring to said animal a proteasome inhibitor 
described above. 

The present invention further relates to a method for 
inhibiting cyclic degradation in a cell comprising contacting 
said ceils with a proteasome inhibitor described above. More 
specifically, the present invention relates to a method for 
inhibiting cyclin degradation in an animal comprising con- 
tacting ceils of said animal with a proteasome inhibitor 
described above. 

Trie present invention also provides a method for treating 
cancer, psoriasis, restenosis, or other cell proliferative dis- 
eases in a patient comprising administering to the patient a 
proteasome inhibitor described above. 

The present invention also relates to a method for inhib- 
iting antigen presentation in a cell comprising adiuinisiering 
to the cell a proteasome inhibitor described above. More 
specifically, the present invention relates to a method for 
inhibiting antigen presentation in animal comprising admin- 
istering to the animal a proteasome inhibitor described 
above. 

The present invention further provides a method for 
inhibiting inducible NF-kB dependent cell adhesion in an 
animal comprising administering to said animal a protea- 
some inhibitor described above. 

The present invention also provides a method for inhib- 
iting HIV infection in an animal comprising administering to 
said animal a proteasome inhibitor described above. 

The "animals" referred to herein are preferably mammals. 
Both terms are intended to include humans. 

Preferably, the methods described above deliver the pro- 
teasome inhibitor by either contacting cells of the animal 
with a proteasome inhibitor described above or by admin- 
istering to the animal a proteasome inhibitor described 
above. 

The compounds of the present invention inhibit the func- 
tioning of the proteasome. This proteasome-inhibition activ- 
ity results in the inhibition or Mocking of a variety of 
intracellular functions. In particular, inhibition of protea- 
some function inhibits the activation or processing of tran- 
scription factor NF-kB. NF-kB plays a central role in the 
regulation of a diverse set of genes involved in the immune 
and inflammatory responses. Inhibition of proteasome func- 
tion also inhibit the ubtquitination/proteolysis pathway. This 
pathway catalyzes selective degradation of highly abnormal 
proteins and short-lived regulatory proteins. The ubtquiti- 
' nation proteolysis pathway also is involved in the processing 
of internalized cellular or viral antigens into antigenic pep- 
tides that bind to MHC-I molecules. Thus, the proteasome 
inhibitors of the present invention can be used in reducing 
the activity- of the cytosolic ATP-ubtquilin -dependent pro- 
teolytic system in a Dumber of ceil types. 

The inhibitors can be used in vitro or in vivo. They can be 
administered by any number of known routes, including 
orally, intravenously, intramuscularly, subcutaneously. 
intrathccally. topically, and by infusion (Ptatt et al.. VS. Pit- 
No. 4.510.130; Badalamente et al.. Prvc. NalL Acad. Sci. 
US.A. 86:5983-5987 < 1989): Staubli et al- Bruin Research 
444:153-158 (1988)) and will generally be administered in 



combination with a physiologically acceptable carrier (e.g.. 
physiological saline). The effective quantity of inhibitor 
given will be determined empirically and will be based on 
such considerations as the particular inhibitor used, the 
condition of the individual, and the size and weight of the 
individual. It is to be expected that the general end-use 
application dose range will be about 0.0 1 to 100 mg per kg 
per day. preferably 0.1 to 7.S mg per kg per day for an 
effective therapeutic effect. 

The present invention relates to a method of inhibiting 
(reducing or preventing) .the accelerated or enhanced pro- 
teolysis mat occurs in atrophying muscles and is known to 
be due to activation of a nonlysosomal ATP-rcquiring pro- 
cess in which ubiquitin plays a critical role. 

Inhibition of the ATP-ubiquitin-dependent pathway is a 
new approach for treating the negative nitrogen balance in 
catabolic states. This can be effected through use of an 
inhibitor of the present invention, resulting in reduction of 
loss of muscle mass in conditions in which it occurs. 
Excessive protein loss is common in many types of patients, 
including individuals with sepsis, burns, trauma, many 
cancers, chronic or systemic infections, neuromotor degen- 
erative disease, such as muscular dystrophy, acidosis, or 
spinal or nerve injuries. It also occurs in individuals receiv- 
ing corticosteroids, and those in whom food intake is 
reduced and/or absorption is compromised. Moreover. 
25 inhibitors of the protein breakdown pathway could possibly 
be valuable in animals. e.g.. for combating "shipping fever", 
which often leads to a major weight loss in cattle or pigs. 

The accelerated proteolysis evident in atrophy of skeletal 
muscles upon denervation or fasting is catalyzed by the 
30 nonlysosomal ATP-dependent degradative pathway. It has 
been shown that in a variety, of catabolic states (e.g.. 
denervation, fasting, fever, certain endocrinopathies or 
metabolic acidosis) muscle wasting is due primarily to 
accelerated protein breakdown and. in addition, that the 
increased proteolysis results from activation of the cytosolic 
ATP-ubiquitin-dependent proteolytic system, which previ- 
ously had been believed to serve only in the rapid elimina- 
tion of abnormal proteins and certain short-lived enzymes. 
The discovery that this pathway is responsible for the 
accelerated proteolysis in these catabolic states is based on 
studies in which different proteolytic pathways were blocked 
or measured selectively in incubated muscles, and the find- 
ing of increased raRNA for components of this pathway 
(e.g.. for ubiquitin and proteasome subunits) and increased 
levels of ubiquitin -protein conjugates in the atrophying 
muscles. The nonlysosomal XTP-ubiquiu'n-dcpcndent pro- 
teolytic process increases in muscle in these conditions and 
is responsible for most of the accelerated proteolysis that 
occurs in atrophying muscles. There is a specific increase in 
ubiquitin raRNA. induction of mRNA for proteasome and 
increased ubiquitinated protein content io atrophying 
muscles that is not seen in non -muscle tissue under the same 
conditions. 

The inhibitors of the present invention can be used to 
reduce (totally or partially) the nonlysosomal ATP- 
dependent protein degradation shown to be responsible for 
most of the increased protein degradation that occurs during 
fasting, denervation, or disuse (inactivity), steroid therapy, 
febrile infection, and other conditions. 

One approach to testing drug candidates for their ability 
to inhibit the ATP-ubiquitin-dependent degradative process 
is to measure proteolysis in cultured cells (Rock, et al.. Cell 
78:761 ( 1994)). For example, the degradation of long-lived 
intracellular proteins can be measured in mouse C2C12 
myoblast cells. Cells arc incubated with 3 5 S -methionine for 
48 hours to label long-lived proteins and then chased for 2 
65 hours with medium containing unlabeled methionine. After 
the chase period, the cells are incubated for 4 hours in the 
presence or absence of the test compound. The amount of 
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protein degradation in the cell can be measured by quanli- cidal doses of radiation or antineoplastic drugs. The idea that 

latin g the trichloroacetic acid soluble radioactivity released induction of p53 by a non toxic agent as an adjunct to • 

from the pre-labded proteins into the growth medium (an radiotherapy has been reported previously (Lane. Nature 

indicator of intracellular proteolysis). ~ 35$: 1 5- 1 6 (1992). but a method for reducing it to practice 

Inhibitors can also be tested for their ability to reduce was not described, 

muscle wasting in vivo. Urinary excretion of the modified The use of proteasome inhibitors provides a method for 

amino acid 3 -methyl histidine (3-MH) is probably the most augmenting the expression of p53 in normal cells by pre- 

well characterized method for studying myofibrillar protein venting its degradation by the proteasome. An example of 

degradation in vivo (see Young and Monro. Federation this would be the systemic administration of proteasome 

Proc. 37:229-2300 (1978)). 3-Methylhistidine is a post- inhibitor at a suffidcntdV>se to uihil)itp53 degradation by the 
translationally modified amino acid which cannot be reuti- to proteasome during the treatment of the tumor with cytotoxic 

lized for protein synthesis, and it is only known to occur in drugs or radiation. This will prolong and increase the levels 

actin and myosin. It occurs in actin isolated from all sources. of p53 expression in normal cells and will enhance the arrest 

including cytoplasmic actin from many different cdl types. of normal cell proliferation, reducing their sensitivity to 

It also occurs in the myosin heavy chain of fast -twitch higher doses of radiation or cytotoxic drugs. Adruinis oration 

(white, type II) muscle fibers, but it is absent from myosin 5 of proteasome inhibitors would therefore permit exposing 

of cardiac muscle and myosin of slow -twitch (red. type 0 *e tumor lo higher doses of radiation, enhancing the lulling 

muscle fibers. Due. to its presence in actin of other tissues of tumor cells. Thus, proteasome inhibitors can be used as 

than skeletal muscle, other tissues will contribute to urinary adjuvants to therapy with rumoriddal agents, such as radia- 

3-MH. Skeletal muscle has been estimated to contribute tion and cytotoxic drugs. 

38-74% of the urinary 3-MH in normal rats and 79-86% of Topical application of proteasome inhibitors to enhance p53 
the urinary 3-MH in rats treated with corticosteronc (100 20 expression in skin 

rag/kg/day subcutaaeously) for 2-4 days (Millward and The expression of p53 in normal skin is induced by 

Bates. Biochem. J. 214.607-615 (1983): Kayali. et aL. Am. exposure of the skin lo UV irradiation, which inhibits DNA 

J. Physiol 252.E621-B626 (1987)). replication that is needed for cell division (Maltzman et al.. 

High -dose glucocorticoid treatment is used to induce a Mol Cell Biol 4.1689 (1984); Hall et al.. Oncogen* 

state of muscle wasting in rats. Treating rats with daily 25 g. 203 -207 (1993)). This protects normal skin from chromo- 

subcutaneous injections of corticost crone (100 rag/kg) somal DNA damage by allowing time for DNA repair before 

causes an increase of approximately 2-fold in urinary 3-MH. DNA replication. 

The increase id exaction of 3-MH is transient, with a peak Defects in the p53 response pathway, such as seen with 

increase after 2-4 days of treatment and a return to basal Ataxia Telangiectasia, result in increased susceptibility to 

values after 6-7 days of treatment (Odcdnu et al.. Biochem, 30 ionizing radiation-induced skin tumors (Kastan et aL. Cell 

J 214:617-627 (1983); Kayali. et aL. Am. J Physiol. 7 1 587-597 ( 1992)). It is well established that exposure of 

252E621-E626 (1987)). Glucocorticoids have been shown normal individuals increases the risk for many kinds of skin 

to activate the AlPnibiquitin-dependent proteolytic pathway cancers. This risk can be diminished by UV filtering chemi- 

in skeletal muscle (Wing and Goldberg. Am. J Physiol cals in skin creams. Another approach would be to promote 

264:E668-E676 ( 1993)) and proteasome inhibitors are there- 35 the resistance of the DNA in skin cells to UV damage by the 

fore expected to inhibit the muscle wasting that occurs after topical application of agents that enhance the skin's expres- 

glucocorticotd treatment. sion of p53 in response to UV light Inhibiting p53 degra- 

Tbe proteasome inhibitors can be administered alone or in dation by the topical application of proteasome inhibitors 

combination with aaother inhibitor or an inhibitor of another provides a method to enhance the p53 response, 

pathway (e.g.. a lysosomal or 0~-dependent pathway) One preferred embodiment of the present invention is the 

responsible for loss of muscle mass. 40 topical application of proteasome inhibitors to reduce the 

Use of proteasome inhibitors as agents that selectively acknowledged risk of skin cancers that results from the 

protect normal cells from DNA damage during radiation and treatment of psoriasis using UV light, which is often 00m- 

<±e mother apy treatment of tumors bined with psoralens or coal tar. Each of these agents can 

The inhibitors of the present invention will block the induce DNA damage, 

degradation of the tumor suppressor protein p53- This pro- 45 Use of proteasome inhibitors to reduce the activity of NF-cB 

tein is degraded by the ATP ubiquitin dependent proteolysis NF-kB exists in an inactive form in the cytoplasm com- 

by the proteasome (see Scbeffner et al.. Cell 75:495-505 plexed with an inhibitor protein. IfcB. In order for the NF-kB 

( 1993)). to become active and perform its function, it must enter the 

Studies of p53 knockout mice indicate an important role cell nucleus. It cannot do this, however, until the IkB portion 

for p53 in reducing incidence of rumors (Doseftower et al.. 50 of the complex is removed, a process referred to by those 

Nature 356:215-221 (1992)). In normal cells expressing skilled in the art as the activation of. or processing of. 

wild type, unmutatcd p53. the basal levels of p53 arc very NF-kB. In some diseases, the normal performance of its 

low due to very rapid degradation of p53 protein. However. function by the NF-kB can be detrimental to the health of the 

expression of p53 protein in normal cells is stimulated in patient For example, as mentioned above. NF-kB is cssen- 

response to radiation and drugs that induce DNA damage 55 tial for the expression of the human immuMxichciency virus 

(Kastan el al.. Cancer Res. 51.6304-6311 (1991)). These (HIV). Accordingly, a process that would prevent the acti- 

induced high levels of wild type, unmutated p53 induce vation of the NF-kB in patients suffering from such diseases 

arrest of normal cdl proliferation at the Gl stage of Che cell could be therapeutically benenciaL The inhibitors employed 

cycle (Kastan et al.. supra; Kucrbitz. PNAS 89:7491-7495 in the practice of the present invention are capable of 

(1992)). This arrest of cell proliferation permits repair of preventing this activation- Thus, blocking NF-kB activity 

damaged DNA. By contrast, in tumor cells expressing 60 could have important application in various areas of 

mutant forms of p53. DNA damaging drugs or radiation do medidae. e.g.. inflammation, through the inhibition of 

not induce cell cycle arrest (Kastan et al_ supra; Kastan et expression of inflammatory cytokines and cell adhesion 

al.. Ceil 71:587-597 ( 1992)). Consequently, tumor cells are molecules, (ref. Grilli et al.. International Review of Cytol- 

selectively damaged by radiation and cytotoxic drugs. ogy 143: 1-62 (1993)) sepsis. AIDS, and the like. 

The selective arrest response of normal cells by inducing *5 More specifically, the activity of NF-kB is bigfrly regu- 
p53 suggests that enhancing the p53 response can allow the lated (Grilli et al.. International Review of Cytology 143: 

treatment of the tumor with higher/more prolonged rumori- 1-62 (1993); Beg et al.. Genes and Development 
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7:2064-2070 (1993))- NF-kB comprises two subunits. p50 
and an additional member of the rel gene family, e.g.. p65 
(also known as Rcl A). In most cells, the p50 and p65 arc 
present in an inactive precursor form in the cytoplasm, 
bound to IicB. In addition, the p50 subunit of hTF-K'B is- 
generated by the proteolytic processing of a 105 kD precur- 
sor protein NF-kB t <pl05). and this processing is also 
regulated. The sequence of the N-terminal 50 kD portion of 
p 105 is similar to that of p65 and other members of the rel 
gene family (the rel homology domain). By contrast, the 
C-terminal 55 kD of pi 05 bears a striking resemblance to 
IicB-a (also known as MAD3). Significantly, unprocessed 
pl05 can associate with p65 and other members of the rel 
family to form a p65/p!05 heterodimer. Processing of p 105 
results in the production of p50. which can form the tran- 
scriptionally active p50/p65 heterodimer. The C-terminal 
IicB-ot -homologous sequence of p!05 is rapidly degraded 
upon processing. 

There is another rel-rdated protein. r^F-icB, (pi 00). that 
is similar to pi 05 in that it. too. is processed to a DNA 
binding subuniL p52 (Neri et al.. Cell 67:1075 (1991); 
Schmid et al.. Nature 352:733 (1991): Boors et al.. Molecu- 
lar and Cellular Biology 12:685 (1992): Mcrcurio et al.. 
DNA Cell Biology 11:523 (1992)). Many of the structural 
and regulatory features of pi 00 are similar to pl05. In 
addition, the pi 00 protein can also form a heterodimer with 
p65 and other rel family members. 

In summary, the transcriptional activity of heterodimers 
consisting of p50 and one of the many rel family proteins, 
such as p65. can be regulated by at least two mechanisms: 
First, the heterodimers associate with IkB-cl to form an 
inactive ternary cytoplasmic complex. Second, the rel family 
members associate with pl05 and plOO to form inactive 
complexes. The ternary complex can be activated by the 
dissociation and destruction of I»cB-a. while the p65/pl05 
and p65/pl00 heterodimer can be activated by processing 
pl05 and pi 00. respectively. 

The dissociation of U Bkx can be induced by a remarkably 
large number of extracellular signals, such as 
^polysaccharides, phorbol esters. TNF-a. and a variety of 
cytokines. The IicB-a is then rapidly degraded. Recent 
studies suggest that p!05 and plOO processing can also be 
induced by at least some of these extracellular signals. 

Studies have demonstrated that p 105 or a truncated form 
of p 105 (p6GTth) can be processed to p50 in vitro (Fan et 
aL. Nature 354395-398 (1991)). Certain of the require- 
ments and characteristics of this in vitro processing reaction 
(e.g.. ATTYMg** dependency) implicated the involvement of «5 
the ubiquilin-mediated protein degradation pathway 
(Goldberg. Eur. J. Biochem. 203:9-23 (1992). Hershko et 
al.. Annu. Rev. Biockem. 61:761-807 (1992)). 

The proteasome is required for the processing of pl05 to 
p50. plO5/p60Tth proteins are not processed in mammalian 
cell cytoplasmic extracts depleted of proteasome activity. 
However, addition of purified 26S protea somes to these 
depleted extracts restores the processing activity. 
Additionally, specific inhibitors of the proteasome block the 
formation of p50 in mammalian cell extracts and in vivo. 
Also, mammalian pl05 is processed to p50 in Saccharomy- 
ces ccrevisiae io vivo, and a mutant deficient in the 
<iiymotrypsin-like activity of the proteasome showed a 
significant decrease in p 105 processing. p60Tth is ubiquili- 
nated in vitro and this ubiquitirjatioQ is a pre -requisite for 
pl05 processing. 

As mentioned above, the C-terminal half of the pl05 
(plOSC) is rapidly degraded during the formation of p50 
and the sequence of pl05C is remarkably similar to that of 
IkB. li:B-a is rapidly degraded in respoosc to NF-kB 
inducers and this degradation has been shown to be neces- 
sary for the activation (Mcliits et al.. Nucleic Acids Research 
2l(22>:5059-5066 (1993): Henkel et aL. Nature 



365:182-185 (1993). Beg et al.. Molecular and Cellular 
Biology 13(6):3301-3310 (1993)). IrB-ct degradation and * 
the activation of NF-»cB are also blocked by inhibitors of 
proteasome function or ubiquilin conjugation (Palombella et 
al.. Cell 78:773-785 (1994)). 

Accordingly, the proteasome plays an essential role in the 
regulation of NF-icB activity. First, the proteasome is 
required for the processing of p!05 and possibly plOO. The 
degradation of the inhibitory C-ierminus can also require the 
proteasome. Second, the proteasome appears to be required 
for the degradation of IicB-a in response to extracellular 
inducers. 

The present invention relates to a method for reducing the 
activity of NF-icB in an animal comprising contacting cells 
of the animal with inhibitors of proteasome function. 

Compounds can be tested for their ability to inhibit the 
activation of NF-kB by means of a DNA binding assay 
(Palombella. et al.. Celt 78.773 ( 1994)). Whole-cell extracts 
are prepared from untreated or TNF-a treated cells that have 
been pretreated for 1 hour with the test compound. The DNA 
binding activity of NF-kB is measured by an electrophoretic 
mobility shift assay using the PRDD probe from the human 
CFN-p gene promoter. 

As an indirect measure of NF-kB activation, the cell- 
surface expression of E-selectin. I-CAM-1. and V-CAM-l 
on primary human umbilical vein endothelial cells 
25 (HUVECs) can be determined by means of a cell surface 
fluorescent immu no-binding assay. Because E-selectin. 
I-CAM-1. and V-CAM-l are under the regulatory control of 
NF-kB. inhibition of NF-kB activation results in reduced 
levels of these adhesion molecules on the cell surface. 

Compounds can also be tested for their ability to inhibit 
a delayed -type hypersensitivity response in mice. Contact 
hypersensitivity is a manifestation of an in vivo T-cell 
mediated immune response (Friedmann. Curr. Opinion 
Immunology. 1:690-693 (1989)). Although the exact 
molecular mechanisms that regulate the cellular interactions 
and vascular changes involved in the response remain 
obscure, it is clear that the process is dependent upon the 
interplay of soluble mediators, adhesion molecules, and the 
cytokine network (Piguet. et aL. J Exp. Med 173:673-679 
(1991); Nickoloff. et al. J. Invest DermatoL 94:151S-157S 
(1990)). NF-kB. by mediating events such as the production 
of cytokines and the induction and utilization of cell-surface 
adhesion molecules, is a central and coordinating regulator 
involved in immune responses. 

The compounds of formula (lb) or (2b) can be used to 
treat chronic or acute inflammation that is the result of 
transplantation rejection, arthritis, rheumatoid arthritis, 
infection, dermatosis, inflammatory bowel disease, asthma, 
osteoporosis, osteoarthritis and autoimmune disease. 
Additionally, inflammation associated with psoriasis and 
restenosis can also be treatcd. 

The term "treatment of inflammation" or "treating inflam- 
mation** is intended to include the administration of com- 
pounds of the present invention to a subject for purposes 
which can include prophylaxis, amelioration, prevention or 
cure of an inflammatory response. Such treatment need not 
necessarily completely ameliorate the inflammatory 
response, Further, such treatment can be used in conjunction 
with other traditional treatments for reducing the inflamma- 
tory condition known to those of skill in the ait. 

The proteasome inhibitors of the invention can be pro- 
vided as a "preventive** treatment before detection of an 
inflammatory state, so as to prevent the same from devel- 
oping in patients at high risk for the same, such as. for 
example, transplant patients. 

In another embodiment, efficacious levels of the protea- 
some inhibitors of the invention are administered so as to 
provide therapeutic benefits against the secondary harmful 
inflammatory effects of inflammation. By an "efficacious 
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lever of a composition of the invention is meant a level at 
which some relief is afforded to the patient who is the 
recipient of the treatment. By an "abnormal" host inflam- 
matory condition is meant an level of inflammation in the 
subject at a site which exceeds the norm for the healthy 
medical state of the subject, or exceeds a desired level. By 
"secondary " tissue damage or toxic effects is meant the 
tissue damage or toxic effects which occur to otherwise 
healthy tissues, organs, and the cells therein, due to the 
presence of an inflammatory resp>nse. including as a result 
of a "primary" inflammatory response elsewhere in the body. 

Amounts and regimens for the administration of protea- 
sorac inhibitors and compositions of the invention can be 
determined readily by those with ordinary skill in the 
clinical art of treating infl animation -related disorders such as 
arthritis, tissue injury and tissue rejection. Generally, the 
dosage of the composition of the invention will vary depend- 
ing upon considerations such as: type of pharmaceutical 
composition employed: age; health: medical conditions 
being treated: kind of concurrent treatment, if any. frequency 
of treatment and the nature of the effect desired; extent of 
tissue damage; gender; duration of the symptoms; and. 
counter indications, if any. and other variables to be adjusted 
by the individual physician. A desired dosage can be admin- 
istered in one or more applications to obtain the desired 
results. Pharmaceutical compositions containing the protea- 
somc inhibitors of the invention can be provided in unit 
dosage forms. 

Thus, the protcasome inhibitors are useful for treating 
such conditions as tissue rejection, arthritis, local infections, 
dermatoses, inflammatory bowel diseases, autoimmune 
diseases, etc The protcasome inhibitors of the present 
invention can be employed to prevent the rejection or 
inflammation of transplanted tissue or organs of any type, 
for example, heart, lung, kidney, liver, skin grafts, and tissue 
grafts. 

Compounds of the present invention inhibit the growth of 
cancer cells. Thus, the compounds can be employed to treat 
cancer, psoriasis, restenosis or other cell proliferative dis- 
eases in a patient in need thereof. 

By the term "treatment of cancer" or "treating cancer" is 
intended description of an activity of compounds of the 
present invention wherein said activity prevents or alleviates 
or ameliorates any of the specific phenomena known in the 
art to be associated with the pathology commonly known as 
"cancer." The term "cancer" refers to the spectrum of 
pathological symptoms associated with the initiation or 
progression, as well as metastasis, of malignant tumors. By 
the term tumor"* is intended, for the purpose of the present 
invention, a new growth of tissue in which the multiplication 
of cells is uncontrolled and progressive. The tumor that is 
particularly relevant to the invention is the malignant tumor, 
one in which the primary tumor has the properties of 
invasion or metastasis or which shows a greater degree of 
an aplasia Chan do benign tumors. 

Thus ."treatment of cancer" or treating cancer** refers to 
an activity that prevents, alleviates or ameliorates any of the 
primary phenomena (initiation, progression, metastasis) or 
secondary symptoms associated with the disease. Cancers 
that are treatable are broadly divided into the categories of 
carcinoma, lymphoma and sarcoma. Examples of card no- 
mas that can be treated by the composition of the present 
invention include, but are not limited to: adenocarcinoma, 
acinic cell adenocarcinoma, adrenal cortical carcinomas, 
alveoli cell carcinoma, anaplastic carcinoma, basalotd 
carcinoma, basal cell carcinoma, bronchi oiar carcinoma, 
bronchogenic carcinoma, renaladinol carcinoma, embryonal 
carcinoma, anometroid carcinoma, fibre lamolar liver cell 
carcinoma,' follicular carcinomas, giant cell carcinomas, 
hepatocellular carcinoma, intxaepidermal carcinoma, 
intraepithelial carcinoma, leptomanigio carcinoma. raedul- 
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lary carcinoma, melanotic carcinoma, menigual carcinoma, 
mesometonephric carcinoma, oat cell carcinoma, squamal 
cell carcinoma, sweat gland carcinoma, transitional cell 
carcinoma, and tubular cell carcinoma. Sarcomas that can be 
treated by the composition of the present invention include, 
but are not limited to: ameloblastic sarcoma, angiolithic 
sarcoma, botryoid sarcoma, endometrial stroma sarcoma, 
ewing sarcoma, fascicular sarcoma, giant cell sarcoma, 
granulosilic sarcoma, immunoblastic sarcoma, juxaccordial 
osteogenic sarcoma, coppices sarcoma, leukocytic sarcoma 
10 (leukemia), lymphatic sarcoma (tympho sarcoma), medul- 
lary sarcoma, myeloid sarcoma (gran u loci tic sarcoma), aus- 
tiogenci sarcoma, periosteal sarcoma, reticulum cell sar- 
coma (histiocytic lymphoma), round cell sarcoma, spindle 
. cell sarcoma, synovial sarcoma, and telangiectatic audio- 
n genie sarcoma. Lymphomas that can be treated by the 
composition of the present invention include, but are not 
limited to: Hodgkin's disease and lymphocytic lymphomas, 
such as Burkitt's lymphoma. NPDL. NML. NH and diffuse 
lymphomas. 

w The compounds of formulae (lb) and (2b) appear to be 
particularly useful in treating metastases. 

Amounts and regimens for the administration of protca- 
some inhibitors and compositions of the invention can be 
determined readily by those with ordinary skill in the 
clinical art of treating cancer-related disorders such as the 
25 primary phenomena (initiation, progression, metastasis) or 
secondary symptoms associated with the disease. Generally, 
the dosage of the composition of the invention will vary 
depending upon considerations such as: type of composition 
employed; age: health; medical conditions being treated; 
30 kind of concurrent treatment, if any. frequency of treatment 
and the nature of the effect desired; extent of tissue damage; 
gender: duration of the symptoms: and. counter indications, 
if any. and other variables to be adjusted by the individual 
physician. A desired dosage can be administered in one or 
35 more applications to obtain the desired results. Pharmaceu- 
tical compositions containing the proteasome inhibitors of 
the invention can be provided in unit dosage forms. 

The present invention will now be. illustrated by the 
following examples, which are not intended to be limiting in 
40 any way. 

EXAMPLES 

Most compounds of formulas ( la). ( lb). (2a) or (2b) were 
prepared according to the general reaction sequence 
depicted in Scheme 1. R 2 and R 3 are as defined above for 
«5 formulas (lb) and (2b). PG represents an amino- group- 
protecting moiety. The general procedures employed for 
each compound arc summarized in Table 1. and detailed 
descriptions of these procedures are provided in the 
Examples. Syntheses that do not conform to the general 
50 reaction sequence are described in full in the Examples. 
(lS.2S3R.5S)-Pinanediol leucine boronate trifluoroacetate 
salt was prepared as previously reported (Kettner. C. A.; 
ShenvL A. B.J BioL Chcnu 259-15 106 (1984)). N-Protected 
(Boc-. Cbz-. or Fraoc-) amino acids were commercially 
5J available or were prepared from the corresponding free 
amino acid by standard protection methods, unless other- 
wise described in the Examples. l-Ethyl-3-{3- 
diniethylarni oopropy 1 )carbodiimide hydrochloride (EDC). 
benzotriazot- 1 -yloxytris(dimethylamioo)phosphonium 
hexafluorophosphate (BOP reagent), or 0-<lH-benzotriazol- 
60 l-yl)-N.N.N"J^'-tetramethyluronium tetrafluoroborate 
(TBTU) were employed as coupling reagents (Sheehan. J. C 
et al.. J Am. oUm. Soc. 87:2492 (1965); Castro. B.. et aU 
Synthesis 1 1:751 (1976): Tetrahedron Lett. 30:1927 (1989)). 
All compounds were characterized by proton nuclear mag- 
65 netic resonance (NMR) spectroscopy. The purity of the 
products was verified by thin layer chromatography and by 
high performance liquid chromatography (HPLC). 
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Scheme I 




| Borooic acid 
1 DeprococikMi 




(6) 



TABLE I 35 TABLE I -continued 



Synthesis of Boronic Ester and Acid Compounds Synthesis of Botoaic Ester and Acid Compounds^ 







Boronic Acid 


N-Termiml 








Boroaic Acid 


N-TermmaJ 


Compound 


Coupling Agent 


DcpKMcctioa* 


Protection 


40 


Compound 


Coupling Agent 


DepfotQctioa" 


Protection 


MG-26T 


EDC 








MG-304 


TBTU 


B 




MG-262 


EDC 


A 






MG-305 


EDC 


B 




MG-264 


BOP 








MG-306 


TBTU 


B 


RC(0)CI 


MG-267 


EDC 








MG-307 


TBTU 


B 


RC(0)CI 


MG-268 


EDC 


A 


N*H. Mel 




MO308 


TBTU 


B 


RC(0)CI 


MG-270 


EDC 


A 




45 


MG-309 


TBTU 


B 


RC(0)CI 


MG-272 


EDC 


A 






MG-310 


BOP 


B 


Ac,0 


MG-273 


EDC 


A, B 


RC(OJCI 




MO-311 


BOP 


B 


HO. dioMoe 


Ma 274 


BOP 


A 






MG-312 


EDC 


B 


RC(0)C1 


MG-278 


EDC 


A 


RC(0)C1 




MO-313 




B 


RCOjH. TBTU 


MG-2S2 


EDC 


A 






MG-314 


TBTU 


B 


RC(0)CI 


MG-2B3 


BOP 


A 


Ac,0 


SO 


MG-315 


BOP 


B 


RC<0)CI 


MG-2S4 




B 


RC(0)Ct 




MG-316 


BOP 


B 




MG-785 


BOP 


A 


RC(0)CI 




MO-319 


TBTU 


B 




MG-2B6 


EDC 


A,B 


RQO)CI 




MO-321 


TBTU 


B 


RC(0)C1 


MG-2S7 


EDC 


B 


ACjO 




MG-322 


TBTU 


B 


RC(0>CI 


MG-288 


EDC 


A 


RQO)Cl 




MG-323 




B 


Acfi 


MG-289 


EDC 


B 


RS(0) 1 C1 


55 


MG-325 


TBTU 


B 


RCOjKTBTU 


MG-290 


EDC 


B 


Ac/) 


MC-328 


TBTU 


B 


RC(0)C1 


MG-29] 


EDC 


B 


RS(oyc\ 




MG-329 


TBTU 


B 


RC(0>CI 


MG-292 


BOP 


B 


RCfoja 




MC-332 


TBTU 


B 


NiKMel 


. MG-293 


TBTU 


B 


rc(ox:i 




MG-333 


TBTU 


B 


NaH.MeI 


MG-294 


EDC 


B 






MG-334 


TBTU 


B 


NaK. Mel 


MG-295 


BOP 


B 




60 


MO-336 


TBTU 


B 


RC(OlCl 


MG-296 


EDC 


B 




MG-337 


TBTU 


B 


HCl dicyimc 


MG-297 


EDC 


B 


RSioyci 




MC-338 


EDC 


B 


Rcro>a 


MG-298 


EDC 


B 


RC(0)C1 




MG-3J9 


TBTU 


B 


HO, dnxsoc 


MG-299 


EDC 


B 


RC(0)CI 




MG-340 


TBTU 


B 


HCL dioxanc 


MG-300 


EDC 


B 


RC(0)C1 




MG-341 


TBTU 


B 


RCOjH. TBTU 


MG-301 


BOP 


B 


Ac,0 




MG-342 




B 


RNH,,TBTU 


MG-302 


EDC 


B 




65 


MG-343 


TBTU 


B 


RCOjK. TBTU 


MG-303 


EDC 


B 


HCl. ether 




MG-344 


BOP 


B 


AcjO 
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TABLE l-coolinucd 



Svrnhesi> of Boronic Entf ai>J Acid Comoouiri* 







Bomnic Acid 


N -Terminal 


Compound 


Coupling Agcnl 


Deprolection* 


Protection 


MG-345 


EDC 


B 


RCfO'CI 


MG-346 


EDC 


B 


RClOiCl 


MG-347 


EDC 


B 


RSfO)jCl 


MG-346 


TBTU 


B 


HCL dk>xa»c 


MG-349 


TBTU 


B 


HCI, <MOUlK 


MG-350 


TBTU 


B 


ta ***** * k f/"*v"\ 

PbCHjNCtJ 


MG-351 


EDC 


B 




MG-352 


TBTU 


B 


RCOjK. TB I U 


MG-3S3 


TBTU 


B 


RQO)CI 


MG-354 


BOP 


B 


RSfOhCl 


MG-356 


TBTU 


B 




MG-3S7 


TBTU 


B 


HCI. dioxane 


MG-358 


TBTU 


B 


RQOICI 


MG-339 


TBTU 


B 


HCLdioxane 


MC-361 


TBTU 


B 


RCOjH. TBTU 


MG-362 




B 


PbCMjNCO 


MG-363 


TBTU 


B 


HO, daoxaac 


MG-364 




B 


RCOjH. TBTU 


MG-366 


TBTU 


B 


HCt diozane 


MG-367 




B 


RC{OlCI 


MG-368 


EDC 


B 


TBTU 


MG-369 


TBTU 


B 


HCL dioxaoe 


MG-380 


TBTU 


B 


RSfOjCI 


MG-382 


TBTU 


B 


RCO^CTBTU 


MG-383 


TBTU 


B 


RCO,R TBTU 


MG-385 


TBTU 


B 


HCL (fiouoe 


MG-386 


TBTU 


B 


HCL diounc 


MG-387 


TBTU 


B 


RC(0)CI 
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*A = NaK> 4 , NH 4 OAc. ^etooe-waicr. B = i-BuB(OHV IN HCL MeOH- 
bcxanc See Examples for detailed descriptkxis of procedures. 

EXAMPLE 1 

N-(4-Moq)hoUnc)cart>oQyi-P-(i-naplnhyl)-L- 
alaiiine-L-leudne borooic add 1MG-273I 

A. (lSJ2S.3R^S)-Pinanediol N-Boc-p-( Unaphtlfyt)- 
L-alaniae-L-leucine boronate 

To a solution of (lS2S3R.5S)-pinanediol leucine bor- 
onate Crifiuoroacctatc salt (664 mg* 1.76 roraol) and N-Boc- 
fHl-naphthyl)-L-alaniQe (555 rag. 1.76 mmol) in DMF (10 
mL)atO° C was added l^yl-3K3-diroethyUmiflOpropyi> 
carbodiimidc hydrochloride (EDC) (404 rag. 2.11 mmol), 
1-hydroxybcozotriazole moaohydrate (HOBT) (2X5 rag. 
2.11 mmol). and N-rnemylraorpholine (NMM) (03 mi- 
2.64 mmol). The mixture was allowed to warm to room 
temperature and stir overnight The reaction was quenched 
with water (100 mL). *nd &e mixture was extracted with 
CH 2 a 2 (4x25 raL). The corabiaed organic layers were 
washed with 5% aqueous HCI and saturated aqueous 
NaHCOj. dried over anhydrous MgS0 4 . filtered, and con- 
centrated to give a yellow oil. Water was added and the 
resultant gummy precipitate was extracted with ether (3x25 
mL). The organic layer was dried (anhydrous MgS0 4 ). 
filtered, and concentrated to afford the title compound (202 
rag) as a white foam. 

B. (lS.2SJR-5S>Pinanediol ^1-Naphthyl>-L- 
alanine-L-leucine boronate trifluoroacetatc salt 

To a solution of the product of Example 1 A (930 rag. 1 38 
rarool) in CH 2 C1 2 (10 mL) at 0° C. was added trifluoroacctic 
acid (5 mL) and thioanisolc (I mL). The reaction mixture 
was allowed to warm to room temperature. After 4 h. the 
reaction mixture was concentrated to dryness and dried in 
vacuo. The residue was used in the next reaction without 
further purification. 
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C. <lS-2S3R-5S>-Tinanediol N-(4-rnorpholinc) 
carlx>nyt-J>-< I -naphtiiyl>-L-alaaLne-L-leurin€ 

boronale 

4-MorpholiDecarbonyt chloride (50 mL. 0.42 mmol) and 
tricthylamine ( L50 mL. 1.08 mmol) were added lo a solution 
of the product of Example I B (0.25 g. 0.36 mmol) in CH,C1, 
(6 mL). After 24 h. additional rnorpholinecarboDyl chloride 
(50 ml.) and triethylamine (150 mL) were added. After 2 
days total reaction lime, the reaction mixture was diluted 
with EtOAc. washed with IN HO and saturated aqueous 
NaH0O 3 . dried over MgS0 4 . filtered, and concentrated. 
Purification by flash chromatography (clutioo with 1:2 
EtOAc/hexaoes and 4:4:1 hexanes/EtOAe/MeOHj afforded 
the title compound (124 mg). - 

D. N<4-MorphoUnc)carbonyl-p-(l-naphthyl)-L- 

alanine-L- leucine boronic acid 

To a stirred solution of the product of Example IC (124 
rag. 0.21 mmol) in acetone (10 mL) was added aqueous 
NH 4 OAc(0.1 N.5 mL. 1.0 mmol). followed by NaIO 4 (120 
mg. 0.21 mmol). The reaction mixture was stirred at room 
temperature for 72 h. and then the acetone was evaporated. 
The aqueous layer was acidified to pH 3 with IN HCI and 
extracted with EtOAc (3x20 mL). The combined organic 
layers were dried over anhydrous MgS0 4 . filtered, and 
concentrated. The residue was purified by flash chromatog- 
raphy (elution with 1:1 hcxaoe/ErOAc. 2:2:1 hexanes/ 
EtOAc/MeOH. and 1:1: few drops MeOH:EtOAcHOAc) to 
give the title compound (29 mg). 

EXAMPLE 2 

N-Cbz-L-Leucine-L-leucine boronic acid |MG-274| 

A. (lS.2SJR-5S>-Pinancdiol N-Cbz-L-lcucine-L- 
teucine boronate 

Ben20Uiaiol-l-yloxytris(dimelhylaroino)phosphonium 
hexafluorophosphate (BOP reagent 827 rag. 1.87 mmol) 
was added in one portion to a mixture of (1S.2S3R.5S)- 
40 pinanediol leucine boronate trifluoroacetate salt (595 mg. 
1.58 mmol). N-Cbz-L-leudne (500 mg. 1.87 mmol) in 
acetonitrile (30 mL) at room temperature. The mixture was 
stirred at room temperature for 2 hours. The reaction was 
quenched with brine (50 mL) and the mixture was extracted 
45 with EtOAc (3x50 mL). The combined organic layers were 
washed with aqueous 5% HO. saturated aqueous NaHCO,. 
and saturated aqueous NaO. and then dried (anhydrous 
MgS0 4 ). filtered, and concentrated. The residue was puri- 
fied by silica gel chromatography (elution with 20-30% 
acetone/hexanes) to afford the title compound (539 mg). 
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B. N-Cbz-L-Leucine-L-leudnc boronic acid 

By a procedure aoalogous to that described in Example 
ID. the compound of Example 2A above (539 mg) was 
deprotected by treatment with sodium metaperiodate (1.2 g. 
5.61 mmol) and aqueous NH 4 OAc (0. 1 N. 10 mL 1.0 mmol) 
to provide the tide compound as a white solid (154 mg). 

EXAMPLE 3 

P-( 1 -Nar^lzyl)-L-aianiiie-L-lcucioe borooic add 
hydrochloridesaiqMG-302| and |Hl-Naphtliyt>-I, 
alanine -L-leucine boronic acid IMG- 303 1 

A. (lSJ2S3R^S)-Pinanedjol (Hl-naphthyl)-!^ 
alanine -L -leu cine boronate hydrochloride salt 

To a solution of (1S.2S 3 R^S) -pinanediol fM 1 -naphthyl) 
-L-alanine-L-leudne boronate trifluoroacetaie salt (prepared 
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as described in Example IB. 536 mg. 0.93 mmoW in ether (2 of 4N HO io dioxane {40 mL. 0. lo mol) was added and the 

mL) was added 10 mL of IN HO. The mixture was reaction mixture was stirred at room temperature for 15 h. 

sonicated for several minutes. Ether was allowed to slowly Concentration afforded a yeUow solid. ^ n *™!^ 

evaporate. The resultant crystals were collected, washed with hexane-ethcr (1:1. 100 mU F.lwt ion afforded the cult 

witTrLO and ether, and dried in vacuo to provide the title 5 compound (3.65 g) as a pale yellow solid. 

compound (300 mg). D. (lSJ2S3R.5S>-Pitianediol N-(4-niorphoUne) 

carbon yNO-benzy I >-L-tyTosine-L- leucine boronate 
B. £-<l-Naphthy1)-L-alanine-L-leucine boromc acid J ^ ' ' ' 

hydrochloride salt: and ^1-NaphthylhL-aUnine-L-leucine By a procedure analogous to that described in Example 

boronic acid 1C. the product of Example 4C (2.53 g. 4.56 mraol) was 

To the product of Example 3 A (290 mg. 0.58 mmol) in a 10 "eated with 4-morphoUnecarbooyl chloride (0.75 mL 6.43 

mixture of hexane (4 mL). MeOH (4 mL). and IN HO (13 nimol, to provide the tule compound (235 g) as a pale 

mL) was added i-BuB(OH), (71 mg. 0.70 mmol). The yeUow solid. 

reaction mixture was stirred for 72 h at room temperature. jf_ N-(4-morpholinc)caroooyKO-benzyl)-L- 

Thc MeOH-H,0 layer was washed with hexanes. and' the |5 tyrosine- L-leueioe boron ic acid 

MeOH was evaporated. The aqueous solution was made ^ ^ of & 4Q 9 ^ ^ was 

basic with NaOH and washed with emer-EtOAc( 1:1 >. The t £ cd according to thc procedure described in 

aqueous layer was lyophihzed I to yve640 mg of a yellow £ ^ ^ c ^ ( |46 } „ a 

solid. Tbe solid was dissolved in MeOH. 4N HQ in 1.4- joyj 

dioxane was added, and the solution was filtered to remove M 

a white solid. The. filtrate was concentrated and the residue EXAMPLE 5 

was purified by reverse phase HPLC (elutioo with H-Methyl-N-Cbz-L-leucine-L-leucine boronic acid 

CH 3 CN— H,0) to afford 45 mg of MG 302 and 10 mg of |MG-268| 

MG-303. 

A- N-Methyl-N-Cbz-L-leueine 
EXAMPLE 4 To a solution of N-Cbz-leudne (138 g. 5.2 mmol) to THF 

N^4-M<)rriilolme)caxbonylK04>e4izy^L-r^osine- (15 mL) at 0° C was added methyl iodide (2.5 mL. 40.1 

L-leucine boronic acid |MG 306| mmol). Sodium hydride (60* dispersion in od. 0.6 g. 15 

mmol) was added cautiously, and the resultant mixture was 
A. N-Boc-O-Benzyl-L-ryrosine ^ Su ired at room temperature for 24 h. The reaction mixture 

A suspension of O-benzyl-L-tyrosine (3. 12 g. 11.5 mmol) was diluted with EtOAc (25 mL) and water (2 mL) was 
in a mixture of L4-dioxane (14 mL) and water (14 mL) was added dropwise. Ihc mature was concentrated to dryness, 
treated, in order, with triethylaraine (5-0 mL. 35.9 mmol) and the residue was partitioned between ether (15 mL) and 
and a solution of (Boc),0 (2.86 g. 13.1 mmol) in L4- water (50 Uyer was extracted with satu- 

dioxane (12 mL). After ~19 h. the reaction mixture was 35 rated aqueous NaHC0 3 (25 mL). and the combined aqueous 
diluted with water (140 mL) and washed with ether, the extracts were addifiedto pH 2 with 3N HCL The product 
aqueous layer was acidified with IN dtric add (35 mL) and was extracted with ErOAc (3x25 mL). dned over MgS0 4 
extracted with CH.CU (2x100 mL). Additional citric acid filtered, and concentrated to afford the title compound (L4 1 
(15 mL) was added to the aqueous Uyer. which was again g) 35 a yellow solid. 

extracted with CHXL (100 mL). The combined organic 40 B (is^S3FL5S)-Puianediol N-methyl-N-Cbz-L- 
extracts were dried (MgS0 4 ). filtered, and concentrated to leucine -L-leucine boronate 

give thc crude product (4.5 g). which was used directly in the Ry a proccd(|fe aoa!og ous to mat described in Example 

next reaction. , A ^ & Ex^c 5 A (85. 1 mg. 0.30 mmol) was 

B. (lS.2S3IC5S)-Pioanediol N-Boc-(0-bcazyl)-L- 45 coupled with (lS.2SJR-5S)-pinanedk>l leucine boronate 
tyrosine-L-leudnc boronate trifluoroacetatc salt ( 105 mg. 0-28 mmol) in the presence of 

^ j efto \ a! f** t ic id ccy EDC (64 rag. 033 mmol). HOBT (45 mg. 033 mmol). and 

To a stirred and cold (0° C) solution of ( IS2S3R3S)- ^ M \ 17 ^L 0 37 lo ^ovide. after purification by 

pitianediol fr< l-nar^myl^L-alaniQe-L.l^aiK: boronate tn- ^ chVomatography (elution with 31 hexanes/acetone). 
fluoroacetate salt (prepared as described in Example IB. ™„T/«< ™„\ 

3.03 g. 7.98 rnmooTBoc^-beazyt-L-tyrosine (2.97 g . 50 Utk <* 5 ^ 

7.99 mraol). and TBTU (335 g. 8.84 mmol) in anhydrous C N-Methy'l-N-Cbz-L-leucine-L-leucine boronic 

DMF (30 mL) was added by syringe pump, at the rate of L9 acid 

mL/h. DfEA (42 mL, 24.1 mmol). After the addilioo was By a procedure analogous to that described in Example 

complete, the mixture was allowed to warm to room tern- jq ^ product of Example 5B (85 rag. 0.16 mmol) was 
perature over 30 mi a. and then it was added dropwise to 30 55 < j cpro tected by treatment with NalO, ( 104 mg. 0.485 mmol) 
raLof rapidly stirring water. Additional water was added and aod ^0^5 KH 4 0Ac (0.1N. 5 mL. 0.5 mmol) in 10 mL of 
thc mixture was filtered: The collected solid was dissolved acetone to provide, after purification by flash chromatogra- 
in MeOH. concentrated to near dryness and again added to (eiution with 4:4:2 hexancs/acctone/MeOH). the title 

rapidly stirring water (300 ml.). The resultant white solid compound (2 1 mg). 
was collected by suction filtration, washed with water. 60 

frozen, and lyorjhilized to provide the Utle compound (4.49 EXAMPLE o 

g). N^4-Morphou*ne)c*frxMyl-{H L- 

„ „ . ^ , • • alanine-L-Ieucine boronic acid | MG-292 1 

C (IS2S3R.5S)-Pinanediol (O-bcDzyl)-L-tyrosine- 

L-leucine boronate ^ A. p-(6~Quuiolinyl)-D-L-alamne 

The product of Example 4B (4.47 g. 7.23 mmol) was N-Acetyl ^(o-quinolinylhDJL-alanine ethyl ester (728 

dissolved in CH,Q 2 (40 mL) and cooled to 0° C A solution mg. 2.55 mmol) was healed at reflux in 6N HQ (20 mL). 
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After 20 h. the reaction mixture was concentrated to dryness niL) was added, and the resultant solution was cooled to (T 

and the residue was dried in vacuo to provide the title C. MeLi (0.8 mL. 1. 12 mraol* was added. After 10 min. the 

compound, which was used directly in the next reaction. mixture was warmed to room temperature. After 20 nun. the 

light red solution was cooled to 0 G C. quenched with a few 

B. N-Boc-p-{6-QuinoIinyl)-DJ--alanine 5 drops of water, and then diluted with 10 raL of IN HCl. The 

^ . colorless solution was extracted with CH-.CI* (2x10 mL). 

To the crude product of Example 6A .n a stirred ' nuxture ^ ^ combiQcd CJrtfact was C0DCcnlfalc<1 \ o afford a white 

of 1.4^iio*ane ( 10 mL). water ( 10 raL). and 2N NaOH (5 ^ b ftash chromatography (elution with 

mL> at 0°C. was added di-ten-butyl pyrocartxmale (556 nig. ^ % MeOH/CHCI,. foUowcd by 10% McOH/CHCU) 

2.55 mmol). The reaction mixture was allowed to warm to |? ^ ? ^ MG ^ |g (?2 _ 
room temperature. After 23 h. the reaction mixture was 

acidified to pH 4 and extracted with EtOAc (3x50 mL) and EXAMPLE 8 
o-BuOH (3x50 mL). The combined extracts were concen- 
trated to provide the title compound, which was used N-BeazyU3R)-3^ioxyboryl-5-meUzyUiexanarnide 
directly in the next reaction. |MG-342| 

C. (lS-2SJfC5S)-Pinanediol N-Boc-(i-(6- a. tert-Butyl-(3R)-3-|( lS.2S-3R.5S^ 
quinolinYl)-D. L-alanine-L-lcuclne boron ate (pinane4liyldioxy>boryl|-5-raetJiylliexanoate 

By a procedure analogous to that described in Example A 200-raL round-bottomed flask was charged with anhy- 

2A. the product of Example 6B was coupled with (IS.2S. M JHF (50 mL) and tert-butyt acetate {0.4$ raL 3.56 

3R_5S)-pinanediol leucine boronate trifluoroacctate salt inmoO.Tbe solution was cooled to -78° C under nitrogen. 

(943 rag. 2.5 mrool) in the presence of BOPreagent ( 1 J3 g. an d LDA(L5M solution in cyclohexaue. Z2 raL. 3 -3 rarnol) 

3 mmol) and triethyl amine (0.37 mL. 2.62 mrool) to provide was by syringe over 8 min. The resultant solution was 

the title compound (343 rag). stirred for 10 min. and then a solution of (1S.2S 3RJS)- 

25 pinanediol 1 -brorao-3-methylbutylboronate 
D. (lS.2S3R3SVPinanediol tH6-quinolinyl)-D. L- (OrganometalUcs 93171 (1990)) (1.04 g. 3.15 mmol) in 
alanine-L-leucine boronate anhydrous THF ( 15 raL) was added by cannula over 8 min. 
The product of Example 6C (343 mg. 0.61 mmol) was The reaction mixture was allowed to warm to room tern- 
treated with trifluoroacetic add (7 mL) and truoanisole (1 pcrature and stir overnight. The pale ptnk ttluuoa was 
mL) in CHXK (15 mL) at 0* C. as described in Example *> concentrated, and the residue was dissolved in 200 raL of 



IB. to provide the title compound. 



ether. The solution was washed with saturated aqueous 
NH 4 CI and saturated aqueous NaCl. Concentration gave a 
E. ( IS.2S.3R-5S)-Pirianedk4 N-(4-morpholine) clear orange oU. which was purified by flash chromatogra- 

carbonyl-P-(6^uinoUtiyl)-DX-alanine-L-leucinc phy (dution with 2-3% EtOAc/hexanes) to afford the title 

boronate 35 compound (584 mg). 

The product of Example 6D was coupled with B (3R)-3^(lS.2S3R^HP•I» B< ^y l ^ ox y> DO^ y l i- 

4-fnorpholinecarbonyl chloride (0.14 mL. L22 mmol) by a 5-raetlhylhexanoic acid 

procedure analogous to that described in Example IC to . , . , . OA ,™ noo 

produce the tide compound (112 mg). ^^Trf^^.^t £ 

^ 40 mmol) in CH 2 C1 2 (8 mL) was added trifluoroacetic acid (2.0 

F. N<4-Morpholine)carbooyl -fH6-quinolinyl)-D. L- mL. 26 mmol). The resultant mixture was stirred at room 

alanine -L-leuci nc boronate temperature for 2 h. The reaction mixture was concentrated 

and dried overnight under high vacuum to produce a dark 
Deprotection of the product of Example 6E ( 153 mg. 0-27 oQ ^ 3 ^ 

mmol) was effected according to the procedure described in 45 

Example 3B. Purification by silica gel chromatography c N-BeozyM3R)-3-KlS.2SJR-5S)- 

(elution with 50:50:10 hexanes/acrtone/methanol) afforded pnanediytdioxy)boryll-5-me^ 
the tide compound (87 rag). The product was further purified 

by reverse phase HPLC: 5 mg of the title compound was To a solution of the product of Example 8B (300 mg. 0.9 
recovered 50 mmol) and TBTU (410 mg. 108 mmol) in anhydrous 

acetonitrile (5 mL) was added benzylamioe (0.12 raL. 1-10 
EXAMPLE 7 mrool). followed by dibopror#lcthyIarninc (0.50 mL 2.9 

mmol). The reaction mixture was stirred overnight at room 
N^4-Morpholine)carbonyl-p-(l-naphUzyl)-L- temperature, and then was poured into water and extracted 

alanine-L-leucine methylboronic acid (MG-317J; ^ with EtOAc. The organic layer was washed with saturated 
and N-(4-Morpholinc) carbonyl-fH 1 -naphlhyl>L- aqueous NaHC0 3 and saturated aqueous NaCL Conccntra- 

alaninc-L-teuciQe dirnethylborane (MO-318] tion gave a dark brown oil. which was purified by flash 

To a suspension of MG-273 (prepared as described in chromatography (elution with 20% EtOAc/texaoes) to 
Example l.Toi.5 mg.0.23 n^Hn 3 mL of a 2: 1 mixture ^ compound (232 mg) as a dear, colorless otL 

of Et 2 0/CH 2 Cl 2 was added 13 -propanediol (20.0 mL 02% <o D N-Bcnzyl-(3R)-3Hdioxyboryl-5- 

mraol). The resultant dear solution was stirred for 30 min at roetliylliexanamide 
room temperature, and then anhydrous MgS0 4 was added 

Stirring was continued for an additional 30 min. and then the The product of Example 8C (223 mg. 0.56 mmol) was 
mixture was filtered through a cotton plug and then through deprotected according to the procedure described in 
a 0.2 mm FTFE filter. The solution was concentrated. 65 Example 3B. Purification by flash chromatography (elution 
toluene (2 mL) was added, and the mixture was again with 5% McOH/CHCl 3 ) provided a pale yellow oiL which 
concentrated to produce a white solid. Anhydrous THF (3 was dissolved in acctonitrtte/MeOH. Water was added and 
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the mixture was lyophilized overnight to produce the title 
compound (108 mg) as a fluffy while solid. 

EXAMPLE 9 

N- Acetyl- 1 2 J.4-tetrahydro-3-isoquiaolinccart>onyl- 
L-leucinc boronic acid |MG-3lO| 

A. N-Boc-1.234-Tetrahydro3- 
isoquinolinecarboxytic acid 

A solution of 1.2 J.4-tetrahydro-3-isoquinolinecarboxylic 
acid (855 rag. 4.83 mmol). (Boc) ; 0 (137 g. 6.28 mmol). 
and IN NaOH (6 mL) in a mixture of t-BuOH (12 mL) and 
water ( 12 mL) was stirred overnight at room temperature. 
The reaction mixture was diluted with water (30 mL) and 
washed with ether-hexanes (1:1.2x25 mL). The organic 
layer was back-extracted with 10% NaHCOj. The combined 
aqueous layers were carefully acidified to pH 2-3 and 
extracted with EtOAc (3x30 mL). The combined organic 
extracts were washed with wafer and saturated aqueous 
NaCl. dried (MgS0 4 ). and concentrated to provide the title 
compound (1.27 gj as a white solid. 

B. (lS.2SJR^ShPinanediol N-Boc-l.2J.4- 
letrahydro-3 4soquinolioecarbonyl-L-leucine 

boronatc 25 
To a mixture of (lS2S3R^S)-ptDancdioI-L-leucine bor- 
onate trifluoroacetate salt (1.14 g. 3.03 mmol). N-Boc-U. 
3,4-tetrahydro-3-isoquinolinecarboxylic acid (762 mg. 2.75 
mmol). and BOP reagent (1.34 g. 3.03 mmol) in DMF (20 
mL) was added, over a period of 2 h. DIEA ( 1.44 mL. 8.25 
mmol). The resultant solution was stirred for 1 h after 
addition was complete. The reaction mixture was poured 
into water (300 mL) and extracted with EtOAc (3x75 mL). 
The combined organic extracts were washed with dilute 
aqueous HO. half- saturated aqueous NaHCOj. water, and 
saturated aqueous NaCl. dried (MgSOj. and concentrated. 
The residue was purified by flash chromatography (elutioo 
with 20% ElOAc-hexanes) to provide the tide compound 
(L04 g) as a white foamy solid. 

C (lS.2S3R.5S)-Pinanediol 1.23.4-tetrahydro-3- 
isoquiootinecarbonyl-L-leucine boronate 
hydrochloride salt 

The product of Example 9B (755 mg) was dissolved in 
CH 2 dj (10 mL) and cooled to 0° C A solution of 4N HQ 
in dioxane (8 mL. 0.03 raol) was added and the reaction 
mixture was stirred at room temperature. Cooceatration and 
trituration with ether-hexanes afforded the title compound 
(565 mg) as an off-white solid. 

D. (lS.2SJR.5S>-Pinanediol N-acetyl-1 JJ.4- 
tetrahydro-3 -isoqu molinecarbooyl-L-leucine 
borooate 

The product of Example 9C (262 mg. 0.59 mmol) was 
treated at room temperature with Ac 2 0 (0.085 mL. 0.89 
mmol) and DIEA (a 18 mL. 136 mmol) in CH 2 C1 2 (5 mL). 
After 24 h. the reaction mixture was diluted with CH,CU (20 
mL). washed with IN HCL half-saturated NaHC6 3 .~and 
water, dried (Na^S0 4 ). and concentrated. Purification by 
flash chromatography (elutioo with EtOAc-hexancs) 
afforded the title compound (271 mg) as a white foamy 
solid. 

E. N-Aceryl-l^3.4-tetrahydro-3- 
iscKjui nob oecarbonyl-L- leucine boronic acid 

By a procedure analogous to thai described in Example 
3B. the product of Example 9D (226 mg. 0.49 mmol) was 
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deprotected to provide the title compound (131 nig) as a 
foamy, oily solid. 

EXAMPLE 10 

M .( 4_ Morphol ine)carbony! 2 -qui noly I )- L-ala ni ne - 
L-leucine boronic acid |MG-315| 

A. Diethyl (2^uinolylmethyl)aceianudomalonate 

W To a solution of 2(chloromethyl)quinoline monohydro- 
chloridc (5.0 g. 23.4 inmol) and diethyl acetamidomalonate 
(10. 1 g. 46.7 mmol) in EtOH (60 mL) was added sodium 
methoxide (3.78 g. 70 mmol)- The reaction mixture was 
heated at reflux for 6 h. The reaction mixture was cooled. 
15 filtered and concentrated The residue was dissolved in 
EtOAc (400 mL) and extracted with cold 4N HCl (3x150 
mL). The aqueous layer was neutralized with ION NaOH 
and extracted with EtOAc (3x200 mL). The combined 
organic extract was washed with water, dried (anhydrous 
MgSOj. filtered, and concentrated to give the title com- 
pound (83 g)- 

B. N-Acetyl-^-(2-quinolyl)-DI--alanine ethyl ester 

To a solution of the product of Example 10A (8 g. 22.3 
mmol) in EtOH (180 mL) was added 6. IN NaOH (6.5 raL. 
40 mmol). After 2 h. I LIN HCl (3.6 mL. 40 mmol) was 
added, and the reaction mixture was concentrated to dryness. 
The residue was suspended in 1.4-dioxanc (200 mL) and the 
mixture was heated at reflux for 90 rain. The reaction 
mixture was concentrated and the residue was purified by 
silica gel chromatography (elution with 30-50% acetone- 
hexanes) to provide to title compound (43 g). 

C N-Acctyl-|H2^umolyl)-L-alanine 

The product of Example 10B (43 g. 15 mmol) was treated 
with Subtilisio Carlsberg (Sigma. 1 1.9 units/mg. 30 mg. 357 
units) at room temperature in aqueous NaHCOj (0.2M. 120 
mL). After 2 h. the reaction mixture was extracted with 
CHC1 3 (6x100 mL). The aqueous layer was concentrated to 
dryness to provide the title compound (3-5 g). which con- 
tained salts. 

D, N-Boc-(H2-Qmoolyl)-L-aianine 

A solution of the product of Example 10C (3.5 g. ca. 7.4 
mmol) in 6N HO (40 mL) was healed at reflux for 16 h_ The 
solvent was removed and the residue was dried in vacuo. 

To this residue was added 1.4-dioxanc (20 mL). water (20 
mL). and 2N NaOH (10 raL. 20 mmol). The solution was 
" cooled to 0° C and di-t-butyl pyrocarbooate (1.6 g. 7.5 
mmol) was added. After I h al 0° C. the reaction mixture 
was warmed to room temperature and stirring was continued 
for 17 h. The reaction mixture was extracted with CH>0> 
S5 ( 100 mL) and o-BuOH (4x 100 mL). The aqueous layer was 
acidified and again extracted with n-BuOH. The organic 
extracts were combined and concentrated to provide the title 
compound (1.6 g). 

E. (!S.2S3IL5S)-PinanedioI N-Boc-fH2-quinolyl)- 
60 L-alanine-L-leucine borooate 

By a procedure analogous to that described in Example 
2 A. the product of Example 10D (0.6 g. L9 mmol) was 
coupled with (lS-2S3R-5S)-pinaoediol leucine borooate 
65 trifluoroacetate salt (716 mg. 1.9 mmol) in the presence of 
BOP reagent (0.84 g. 1.9 mmol) and criethyUmine (0.27 mL 
1.9 mmol). Purification by silica gel chromatography 
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(clution with IO-3(K5- acetone -hexanes I afforded the title 
compound ( 194 mg). 

F. (1S.2S.3R.5S)-Pinancdk>l N-(4-morpholine) 
carbonyl-f*-(2-quinolyl)-L-alanine-L-Ieucine 

borooate 

The product of Example 10E ( 194 mg) was treated with 
trifluoroacetic acid (7 mL) and thioaaisolc (1 raL) as 
described in Example IB. The resultant product was con- 
densed with 4-morpholinecarbooyl chloride (568 rag. 3.8 
mmol) as described in Example 2C Purification by silica gd 
chromatography (dution with 20-50% acetone-hexanes) 
afforded the title compound (367 mg). 

G. N^4-Mocpholifle>carbooyl-p-(2-quinolyl)-L- 

alanine-L : leucinc borooic acid 

The product of Example 10F (367 rag. 0.64 mmol) was 
deprotected according to the procedure described in 
Example 3B to provide the title compound (222 rag). 

EXAMPLE II 

N-Boc- 1.2 3.4-tetrahydro- 1-isoquinolinecarboxylic 
acid | precursor for the synthesis of MG-3101 

A. 123.4-Tetrahydro-l-isoquinolinecarboxylic acid 

A solution of 1-isoquujolinecarboxylic acid (1.67 g) in 
glacial acetic acid (25 ml.) was hydrogenated at 60 p-si. 
over Pt0 2 (270 mg). When the reaction was complete, the 
mixture was filtered through diatomaceous earth (Cdite). 
washing the solid pad with MeOH. and the filtrate was 
concentrated to dryness. The resultant white solid was 
triturated with cold water and filtered to provide the title 
compound (775 rag). 

B. N-Boc-lJ23.4tetrahydro-l- 
isoquinolinecarboxytic add 

The product of Example I IB (762 mg. 4.3 mmol) was 
treated with di-tert -butyl pyrocarboaate ( L 13 g. 5.17 mmol) 
according to the procedure described io Example 6B to 
afford the title compound (886 mg). as a foamy white solid. 

. EXAMPLE 12 

Diethanolaminc N-<4-raorpb oline)carbony !-(>-( 1- 
naphtilyl)-L-alaiiiiK:-L-leucii)e borooate (MG-2861 

To a solution of N-(4-morpholiae)carbonyl-P-( 1 
-naphthyl)-L-alanine-L-leucinc boronic add (prepared as 
described in Example I. 97.4 rag, 0.22 mmol) in CH 2 Ck 2 (4 
raL) was added a solution of diethanolamine (25-5 mg. 0.24 
mmol) in EtOAc (1 raL). The resultant solution was stirred 
at room temperature for 0.5 h- Anhydrous NajSO* (L5 g) 
was added and stirring was continued for ao additional 0.5 
h. The reaction mixture was filtered and concentrated, and 
the crude product was purified by stirring in hot EtOAc (2 
raL) and precipitation with hexanes (1 mL). The solid was 
collected, washed with hexanes. and dried to provide the 
title compound (106 mg). 

EXAMPLE 13 60 

N-|3K4-nwrphoune)carbonyl-2(R)-( l-oaphthyl) 
methyl! propionyl-L-leucioc boronic add IMG-324J 

A. l-uaphthalenecarboxaldehyde 65 

To a cold (-78° C) solution of oxahyl chloride (6.9 raJL. 
0.079 raol) in dry OLCU (200 raL) was added dropwisc dry 



DMSO( 1 1.2 mL 0.158 mol).The mixture was stirred for 10 
nun. and then a solution of ! -naphthalene methanol ( 10.0 g. 
0.063 mo4) io dry CH,CL (40 mL) was added over 15 min. 
The mixture was stirred for 10 min. and then Et ,N (44 mL. 
5 0.316 mol) was added slowly. The reaction mixture was 
allowed to warm to room temperature. After 3.5 h. to the 
pale yellow heterogeneous mixture was added 10*3*- aqueous 
citric add (30 mL) and water ( 100 mL). The organic phase 
was washed with water (100 raL) and saturated aqueous 
io NaCl (100 mL). dried (anhydrous MgSO«). filtered, and 
concentrated. Ether-hexane (1:1) was added and the mixture 
was filtered. Concentration provided a pale orange oil (9.7 
g>- 

, s B. Ethyl 3 (1 -naphthyl)propionatc 

To a solution of the product of Example 12A (9.7 g. 62 
mmol) in CH 2 CU (150 mL) was added at room temperature 
(carbethoxymethylene) triphenylphosphorane (25 g. 71 
mmol). The resultant mixture was stirred for 1.5 h. and the 
20 homogeneous yellow solution was then concentrated to 
dryness. Ether-hexane (1:1) was added, the mixture was 
filtered, and the filtrate was concentrated to dryness to 
provide a pale orange oil (15-3 g). 

25 C. Ethyl 3-(l-naphthyl)propionate 

The product of Example 12B (15 J g. 68 mmol) was 
dissolved in a mixture of EtOAc ( 100 raL) and MeOH ( 10 
raL) and hydrogenated at 1 aim. over 10% Pd/C (0.5 g)-The 
30 reaction was continued for 4 days, replacing the catalyst 
with fresh catalyst several times. The reaction mixture was 
filtered and concentrated to provide 13 g of a crude oil. 



D. 3-<l-Naphthyi)pfopiouic acid 

35 To a solution of the product of Example 12C ( 13 g) in a 
mixture of THF (100 mL) and water (25 raL) was added IN 
NaOH (75 mL 75 mmol). The brown reaction mixture was 
stirred at room temperature overnight. The THF was 
removed, and the aqueous layer was washed with ether 
40 (2x50 raL). The aqueous layer was acidified to pH 2 with 6N 
HQ and the precipitated solid was collected, washed with 
water (100 raL). and lyophilized to give 93 g of a pale 
yellow solid. 



45 



50 



55 



E 3-(l-Naphtliyl)propionyl chloride 

To a suspension of the product of Example 12D (4.0 g. 20 
mmol) in CH 2 CL 2 (25 raL) at 0° C. was added oxalyi 
chloride (1.9 mL. 22 mmol) and DMF (0.1 raL). The 
reaction mixture was warmed to room temperature and then 
heated with a heat gun. Additional oxalyi chloride (0.5 raL) 
was added and heating was continued to produce a dark 
homogeneous mixture. The reaction mixture was 
concentrated, the residue was redissolved in CH 2 CI 2 - 
hexane. and the resultant solution was filtered. Concentra- 
tion afforded 4.9 g of a green liquid. 

F. 4(SHsopropyl-.V|3^1^phmyl)-l^xopropyl|-2- 
oxazotidinone 

To a solution of (4S)-(-M-isopropyl-2-oxazolidinone 
(232 g. 18 mmol) in dry THF (50 mL) at -78° C- was added 
dropwisc n-BuU (2.5M in hexanes. 8 mL. 20 mmol). The 
heterogeneous white mixture was stirred at -78 c C. for 30 
min. and then a solution of the product of Example 12E (4.9 
g. 20 mmol) in dry THF (25 mL) was added dropwisc over 
15-20 min. After 1.5 h. the reaction was quenched by the 
addition of IN HCl (25 raL) and saturated aqueous NaCl (25 



5.780.454 

41 42 

raL). The mixture was stirred at room temperature for 30 K_ ( lS.2S.3R.5S)-Pinanediol N-|3-<4-morpholine) 

rain, and then the THF was removed by rotary evaporation. carbonyl-2(RH l-naphthyl)mcthyl|propionyl-L- 

The aqueous layer was extracted with BO Ac. and the leucine boronatc 

combined organic extract was dried (anhydrous MgSO,)- Jo a so|u(i<m ^ l|K oducl ^ Bxmplc l2 j (230 mg. 0.7 

filtered, and concentrated. The residue was filtered through 5 mmo| . q DMf: (g ^ a( 0<i c wa$ addc(J ( lS2S j R ^ Sh 

a pad of silica gel (elation with 20% EtOAc-hexanes) to - QC<Uo| |cucinc frifluoroacetate sal. (293 mg. 

provide 2.8 g of a pale pink solid. Q rj mjno , ) and (29 3 rag . (0 .77 nimol). To the 

^ , . . . -> /r> ... w resultant mixture was added slowly over 1.5 h diisopropy- 

031 ^,7^^ l cth ylamine (365 mL. 2.1 mmol,. After addiUol. was 

methyl)- 1 -ox^opyl |-4(S)-iso P rop y l-2- 10 com ^ lcfc ^ fcaction wa$ for 30 min. Water 

oxazolidinone ^ a(Jdcd an(J (hc ^ip^^ soUd was 

To a solution of 1 .1 . 1 3 J 3 -hexameth ykJisilazaoe (0.75 collected, washed with water (50 mL). and lyophiUzed to 

mL. 3.5 mmol) in dry THF (10 mL) at 0° C. was added provide the title compound (300 rag). 
o-BuLi (2.5M in hexanes. 1.45 mL. 3.6 mmol). After 10 

min. the mixture was cooled to -78° C and a solution of the 15 L N-|3K4-mofpholineKartionyl-2(RHI-naphihyl) 

product of Example 12F (1.0 g. 3.2 mmol) in dry THF (8 meth>11propioay|-L-leucine bororuc acid 

mL) was added dxopwise. After 30-40 min. benzyl bro- By a proceaurc analogous to that described in Example 

moacetate (0.75 mL. 4£ mmol) was added. The mixture was 3B (hc of Example 12K (300 mg. 0.522 mmol) was 
stirred at -78° C for I h. and at 0° C for 5-10 rain. The ^ dcprotcctcd lo provide the utlc compound (150 mg). 
reaction was quenched by the addition of IN HO ( 10 mL). 

and the solution was extracted with ether. The combined EXAMPLE 14 
organic extract was washed with saturated aqueous NaHCO, 

and saturated aqueous NaQ. dried anhydrous MgS0 4 ). trans-4-Phenoxy-L-proHne-L-leucine boronic acid 

filtered and concentrated. The wet solid was triturated with (MG-3491 
hexane-ether (1:1). filtered, and dried to give the title 

compound (0.6 g) as a white solid. A. N-Carbobenzyloxy-trans-4-hydroxy-L-proline 

„ _ t „,^.. , m . . . . - . . ~ According to the literature procedure (7. Am. Chem. Soc. 

H 3-|2(R K l-aai*^ (1957)) trans^ hydroxy L-proline (5.12 g. 0.039 mol) 

oxazolidmoyllpropanoic acid ^ ^ ^ ^ orofoanatc {Z3 ^ 0 .O6 mol) to 

To the product of Example 12G (600 mg. 1.3 mmol) was provide the title compound (6 0 g) as a white solid, 
added MeOH ( 15 mL). EtOH (15 mL). EtOAc (5 mL). and 

CH 2 a 2 (5 mL). followed by 10% Pd/C (100 mg). The B. N<>rtx)bcn2yloxy-Uans-t-hydroxy-L-proune 

reaction mixture was hydrogenated under I atm. H 2 . The methyl ester 

reaction mixture was filtered and concentrated. The residue 35 To a stihAioa Q ( the product of Example 13 A ( 1.08 g. 3-75 
was triturated with ether-hexanes. the solvents were mjnoi) in acetooitrile (4 raL) at 0° C. was added dropwise 
removed, and the resultant white solid was dried in vacuo 10 DB(J (0 62 ^ 4 n nnoyy After 5 min. Mel (0 2% mL. 4.5 
give 480 rag of the title compound. mmol) was added. The reaction mixture was allowed to 

warm to room temperature and stir overnight The solvent 
L 4<S)-Isopropyl-3^4-morpr^^ 40 wa$ rcmovcd ^ Ksidise was dissolved in emer-ErOAe 

raethyl-1.4-dioxobutyI|-2^oxazoUdinone (|;L 3Q ^ aod mc rcsuUaot so i Uu0 n was washed with IN 

To a solution of the product of Example 12H (473 mg. HQ. dilute aqueous NaHC0 3 . water, and saturated aqueous 
1.28 mmol) in dry THF (25 mL) at 0* C. was added dropwise Nad The organic layer was dried (anhydrous MgSO,) and 
under nitrogen raorphoUoe (130 mL. L47 mmol). diethyl concentrated to provide the tide compound (822 mg) as a 
pyrocarbonate (240 mL. 1.47 mmol). and triethylamine (220 4 light yellow oil. 

mL. 1.6 mmol'). After 2 h. the solvent was removed in vacuo. A .. 

and the residue was washed with water and extracted with C ^^^^^^^^'^^ 

ether-EtOAc (1:1). The combined organic extract was dried methyl ester 

(anhydrous MgSO«). filtered, and concentrated- The residue ^ To a mixture of the product of Example 13B (495 rog. 
was triturated with EtOAc-hexanes to provide the title \j\ jnmol). phenol (193 mg. 2.05 nimol). and triph- 
coenpound (4 10 mg). enytphospfiine (537 mg. 2.05 mmol) in THF (7 mL) at 0° C 

was added over I h diethyl azodicarboxylate (0-32 mL. 2.05 
J: 3<4-roorph<)lme)carbonyl-2(RH l-naphthyl) mmol). The reaction mixture was allowed to warm to room 

methyl propionic acid ^ temperature and stir overnight The reaction mixture was 

To a solution of the product of Example L2I (400 mg. concentrated, and the residue was dissolved in ether (8 mL) 
0.913 mmol) in a mixture of THF (8 mL) and water (2 mL) * nd *"<>wcd to stand at <T C overnight. The solution was 
at0*C was added UOH (80 mg. 1.9 mmol). The reaction Scanted and the solids were washed with cold ether. The 
mixture was stored at 0° C overnight. The reaction rnixture Cereal soIutioa was concentrated, and the residue was 
was concentrated to remove THF. IN NaOH (20 mL) was 60 P^ed by flash chromatography (elution with Ml0-30% 
added, and the mixture was washed with CH 2 d 2 (15 mL). EtO Ac-hex anes) to provide the title compound (295 rag). 

Thc aqueous layer was acidified to pH 2 with IN HQ and NX^rbobenzyloxy-trans-4-phenoxy-L-proUne 
extracted with CHX1,. The combined organic extract was 

dried (anhydrous MgSO«)- filtered, and concentrated. The The produd of Example 13C (285 mg. 0.79 mmol) was 
residue was triturated with ether-hexanes. and the solvents 65 dissolved in a mixture of 0.5 N aqueous LtOH (20 mL) and 
were removed in vacuo to provide the crude product (240 MeOH (10 mL). and the resultant solution was stirred at 
mg) as a white foam. room temperature overnight. The MeOH was removed in 
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vacuo- and the aqueous layer was washed with ether (2x20 10*> HO and extracted with EiOAc (3x60 mL). The com- 

mLj.The aqueous layer was cooled, acidified with 3N HO. bined organic extract was washed with water, dried 

and extracted with ElOAc (3x20 mL). The combined (anhydrous MgS0 4 ). filtered, and concentrated. The residue 

organic extract was washed with water and saturated aque- was purified by silica gel chromatography (cluuon with 
ous NaCl. dried (anhydrous MgS0 4 >. filtered, and concen s 30-50% acetone-he xanes and 70:30: 10 

tratcd to provide the title compound (251 mg) as a light hexane:acetone:mahanolj to give the title compound (0.61 

yellow solid. E>- 

E. (lS.2SJRJS,-pinanedic4 N-Orix.bcnzy.oxy- ^ C- t ,S ^^?^™< 3 "*?^ 

1 , ~ \ . . . 1 / butvloxycarbonyl) ariuno-3-hydroxy-5-( l-naphthyl) 

traos^noxy-L-prohne-L-leucmeboronate ,o * * pcnunoyl |-L- leucine bo/ooate 

By a procedure analogous to that described in Example a dufC ^^ous to that described in Example 2. 

12K. the product of Example 13D (250 mg. 0.72 mmol) was ^ ^ ^ ^ Ic 14B (395 ^ u was 

coupled with (lS2SJR-5SH>inanediol leucine boronate ^ us . 2 S3R-5S)-pinanedioI leucine boronate 

uifluoroaceutcs^t(300mg.0.79mmol)inmepreseoceof (J ^^^^ salt (4l5 . u ^1) in the presence of 

TBTU (302 mg. 0.79 mmol) to provide the title compound BQp fcagcn{ (4g? ^ , , to affofd mc utlc 

(355 mg) as a white solid. (26l mg) 

F. (lS0S3R^S>-piiianediol trans-4-phenoxy-L- p. ( i$JS JR.5S)-Pinanediot |(3S JR>-4-(8- 

rxoline-L- leucine boronate qui noli nesulfonyl) araino-3-hydroxy-5-(i-aaphthyl) 

T*e produa of Example 13E (343 mg) was hydrogenaled " penttnoyll leucine boronate 

for 20 h at 1 atnx over 10% PdVC (45 mg) in EtOH (3 mL). The product of Example 14C (261 mg. 0.43 mmol) was 

The reaction mixture was filtered through Cditc and con- dissolved in CHXL (10 mL) and treated at 0° C with 

centrated to provide the title compound (272 mg). trifluoroaceuc acid (5 mL) and thioanisple (I mL). After 2 

25 h. solvents were evaporated. 

G. trans^-Phenoxy-L-proUne-L-leudne boronic Tnc residue was dissolved in CH,C1 2 (10 mL) and cooled 

acid lo (jc c g.QuinoUncsulfonyl chloride (98 mg. 0.43 mmol) 

By . procedure aialogous to that described in Example «d triethylamioc (0.12 mL 0 M -mmol) were added. The 
3B. me product of Example 13F (270 mg. 0.6 mmol) was „ "««"« ""J?"* at 0 C for 1 h 3 r0 ° m 

dcproJed ,o provide title cLpouod (130 mg) as a £ 15 ^^^^"Tt^TIZ^ 

~7? rjt-A added, and the product was extracted with ErOAc (3x50 

te 5 mJL). The combined organic extract was washed with sacu 

EXAMPLE 15 ratcd aqueous NaHCOj and saturated aqueous NaCL dried 

(anhydrous MgS0 4 ). and concentrated. The residue was 

|(3S JRh*-|(8-quinolinesulfonyl)araino|- 35 purified by silica gel chromatography (elution with 20-50% 

3^hyaroxy-5Kl-naphmyl)pcntaooyl|-L4cucine EtOAc-hexanes) to provide the tide compound (152 mg). 

boronic acid £ 5R) ^g_ quilwUntttjtf ooyl)arnino-3- 

A. (4S^SM-Boc^hydroxy-Hl-aaphthyl)- h y aroxy-5^1-ruphthyl )r ^noyl|-L-leucine boronic 



pyrrolidin -2-one 



T , . ,,.,„„.. ...u,,, , - „, The product of Example 14D (152 mg. 0.22 mmol) was 

To a ^~^.^> c -N»^*^^ aB ^ <! 4 8- dep JLa according^, the procedure described in 

4.44 mmol). 2 -2f^l^oxane^.6^ooe (704 mg. ^ ^ ^ 

4.88 mmol). and 4-DMAP ( 1.25 g. 10-21 mmol) in CH 2 CL ^ 

(40 mL) at 0° C. was added isopropenyt chloroforrnate (0-53 4J EXAMPLE 16 

mL. 4.8 rriraol). The reaction mixture was stirred for 1 h at , ' . . 

0° C. and for 2 h at room temperature. The reaction was ^^^f^T^ 

quenched by the addition of aqueous KHSO« The organic hydrochloride salt |MG-359| 

layer was washed with water, dried (anhydrous MgS0 4 )- A. Diethyl 1 -acetyl -4-phenyl-2-pyrTolidinol -5.5- 

filtcred, and concentrated. The residue was suspended in ^ dicarboxylate 

EtOAc (30 mL) and heated at reflux for 2 h. The solvent was . . A - A - 

\ - Sodium spheres (washed 3 x with hcxanes and dried in 

removed in vacuo. vacuo* 013 g. 5.7 mmol) were added to a solution of diethyl 

The residue was dissolved in CH 2 O 2 -H0Ac (10:1, 30 acetiniidornalonaic (12.2 g. 56-1 mmol) in absolute EtOH 

mL). and sodium borohydride (3 10 mg. 8.2 1 mmol) was undcf nAl ogca. After the sodium had dissolved, the solution 

added at 0 ° C The mixture was stirred for I h at 0° C and 3J was ^ an icc ^th and dnnamaldehyde(7.8 mL 61.7 

for 15 h at room lerapcrauire. Water was added, and the mmol) was addcd dropwisc. The bath was removed and the 

organic layer was washed with saturated aqueous Nad. rcaction mixture was stirred overnight at room temperature, 

dried (anhydrous MgS0 4 ). filtered, and concentrated. Puri- ^ ^ adjusted to P H 4 with acetic acid (-3 mL). 

fixation by silica gel chromatography (elution with 20-30% Solvents were evaporated and the residue was purified by 

acetone-hexancs) afforded the title coinpound (1.24 g). ^ sUjca gd ^onjatography (dulion with BOAc) to give a 

B. (3S.5R)^tert4>utyloxvcartK>nyl)armno-3- V cUaw ™ " 

hydroxy-Ml^mylWuno^ ^ ^ mk COfnpOU ° d (14 J g) 35 1 ^ ^ 

The product of Example 14B (1^4 g. 3 64 mmol) was » l-ace^l^enylpyrrolidine-22. 

dissolved in acetone (15 mL) and aqueous NaOH (1M. 4 65 dicarboxylate 

mL. 4 mmol) was added. The reaction mixture was stirred at Trifluoroacetic acid ( 15.4 mL) was added slowly over 15 
room temperature for 2 h. The mixture was acidified with min to a solution of the product of Example 15 A (7.0 g. 20.1 
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mmol) and triethylsUaiK (4.9 mL. 30.8 mraol) in CHCK (40 H. ci s- V Phenyl -D.L-proline-L- leucine boronic acid 

nU_). After 3 h. the solvents were evaporated and the residue hydrochloride salt 

was dissolved in EtOAc < 150 mL>. washed with water. 5^ _ 

aqueous NaHCO,. and saturated aqueous NaO. dried The product of Example 1SG (262 mg) was dissolved in 

(anhydrous MgS0 4 . and concentrated to give 5.9 g of a 5 CHXL (5 mL) and treated at 0* C with 4N HO-dioxane (4 

colorless oil mL). After 2 h. the reaction mixture was concentrated to 

dryness, and the residue was treated with isoouty I boronic 

C N-Acetyl-3-phenylproline ethyl ester acid (66 mg. 0.64 mmol) according to the procedure 

TKc product of Example I5B (5 9 g, was dissolved in Scribed » i Example 3B to provide the title compound (7 1 

0.5N NaOH (200 mL) and the resultant solution was stirred »0 ra 8> as a whltc sou<L 
at room temperature for 2 1 h. The solution was washed with 

EtOAc (75 mL) and then acidified to pH 2 with 3N HCLThe EXAMPLE 17 
precipitated solids were extracted with CHC1 3 . The organic 

layer was concentrated to give a gummy residue, which was trans-.VPhenyl-DXi>roUne-L-leucine boron ic acid 

dissolved in toluene (70 mL) and heated at 75 c C for 1 h. 15 hydrochloride salt |MG-363| 
The solvent was evaporated to provide the title compound 

(4.2 g) as a light yellow oil- A. N-Boc-trans-3-Phenyl-L-proline 

D. N-Acetyl-trans-3-phenyl-D.L-proline; and N- a procedure analogous to that described in Example 

aceryl-cis-3-phenyt-D.L-prolioe ethyl csier 23 j A N-acetyl-traos-3-phenyl-D.L-proline (prepared as 

The product of Example 15C (4.2 g. 16 mmol) was described in Example 15D: L5 g. 644 mmol) was coupled 
dissolved !M NaOEl in EtOH ( 100 mL) which contained 2 with (S)-a-methylbenzylamine (0.92 mL 7.08 mmol) in the 
mL of ethyl trifluoroacetate as a water scavenger, and the presence of EDC ( 1.26 g. 7.08 mmol) and HOBT 9956 rag. 
resultant solution was heated at re8ux for 2 h. The reaction 7.08 mmol). The diastereomeric products were separated by 
mixture was cooled to room temperature, water (65 mL) was 25 flash chromatography (elution with 1.5-2.5% HOAc- 
added and the solution was stirred for 2.5 h. Most of me EtOAc)- Fractions corresponding to the slower eluting band 
EtOH was removed by rotary evaporation and the aqueous were concentrated to provide a clear, colorless oil (913 mg). 
solution was extracted with CHXK.The aqueous layer was The oil (900 mg. 2.68 mmol) was dissolved in a mixture 
acidified with 3N HQ and extracted with EtOAc. The of HOAc (7 mL) and 8N HC1 and the mixture was healed at 
organic extract was washed with water and saturated aque- 30 rc fl ux f or 18 h. The mixture was concentrated to dryness. 
ous NaCI. dried (anhydrous MgS0 4 ). and concentrated. The rcs ;due was dissolved in water (30 mL). washed with 

orange gummy solid was triturated with ether to provide a EiOAc and again concentrated to dryness, 
yellow solid, which was recrysialiized (EtOAc-MeOH) to . * * ,. c 

provide the add (1.91 g) as Ught yellow crystals. Concen- The residue was redis solved m 1:1 water, 1.4-dioxane (15 
tratioo of the CH 2 CL extracts afforded the ester (396 mg) as 33 «iL) and treated with tert-bury! pyrocarbonate Cl.13gJ.20 
an orange oil mmol) by a procedure analogous to that described in 

Example 15F to provide the title compound (574 mg) as a 
E. cis-3-Phenyl-DJL-proline hydrochloride salt white solid. 

The ester obtained in Example 15 D (375 mg) was hydro- 

lyzed by heating at reflux in 6N HC1 (5 mL) for 17 h. The 40 B. trans-3-Phenyl-L-proline-L-leucinc boronic acid 

cooled reaction mixture was washed with EtOAc and the hydrochloride salt 
aqueous layer was concentrated to dryness. Reorystatlization 

(MeOH^ther) afforded the title compound (201 mg). Bv Procedures analogs to those described Exan^es 

15G-H. the product of Example 16A (332 mg. 1.14 mmol) 

F. N-Boc-ds ^-PhcQyl-DX-proline *s was coupled with (lS.2SJR^S)-piiianediol leucine bor- 

The product of Example 15E (189 mg. 0.84 mmol) was °** c trifluoroaceUte salt (452 mg. 1 .20 mmol) and depro- 

dissolvcd in a mixture of2N NaOH (3 mL) and l^oxane "> P™* uUc compound (101 mg) as a white 
(3 mL). tert-Buryl pyrocarbonate (218 mg. L0 mmol) was 
added and the reaction mixture was stirred overnight at room ^ 

temperature. Dioxaoe was removed by rotary evaporation. EXAMPLE 18 
water (30 mL) was added, and the mixture was washed with 

EtOAc. The aqueous phase was cooled to 0° C. acidified Kinetic experiments 
with 3N HCL and extracted with EtOAc. The organic layer 

was washed with water and saturated aqueous NaO. dried Table El summarizes results from kinetic experiments that 

(artydrous MgS0 4 ). and concentrated to give the title measured the inhibition of the 20S proteasorae by cora- 

compouod ( 199 mg). pounds having the formula of compound ( I) or (2). P, AA l . 

AA 2 . AA 5 . and Z 1 and 7? represent the structures present on 

G. (lS.2S3R.5S)-Pinanediol N-BocHcis-3-phenyl-D. formula (1) or (2). The protocol for the kinetic assay 

L-prolinc-L-leucine boronate described in Tables H-V is as described in Rock et ai.. CcU 

By a procedure analogous to that described in Example 60 78.761-771 (1994). In these tables, K, values arc reported. 

4B. the product of Example 15F (192 mg. 0.66 mmol) was which are dissociation constants for the equilibrium that is 

coupled with ( 1S2S JRJ>S)pinancdiol leucine borooate tri- established when enzyme and inhibitor interact to form the 

fiuoroacctate salt (274 mg. 0.73 mmol) in the presence of enzyme inhibitor complex. The reactions were performed 

TBTU (277 mg. 0.73 mmol) to provide the tide compound using SDS-activated 20S proteasome from rabbit muscle. 

(286 mg). The substrate used was Sue-LLVY-AMC 
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TABLE Q 



Com- 
pound P* 



uttiitnitou of rhe 205 Prowasook: by Boioiuc Esier and Acid Cotupout*ds 
P ~ AA* — AA : ~ AA* — B(Z' )(Z ? > 



AA' AA 



AA**" Z'.Z* 



20S 



MG-26I Cbz 
MG-262 Cbz 
MG 264 Cbz 
MG-267 Cbz 
MG-268 CbzfN-Me) 
MG-270 Cbz 
MG-272 Cbz 
MG-273 Mocph 
N4G-774 Cbz 
MG-278 Mocph 
MO- 282 Cbz 
MG 283 Ac 



L~Leu L-Leu 
L -Leu L -Leu 

— L — Leu 

— L-Nal 

— L —Leu 

— L-Nal 

— D-(2-Nal> 

— L-Nal 

— L — Leu 
L-Leu L-Lcxj 

— L-HU 
L — Leu L— Leu 



MG-284 




L — Leu 
L— Leu 
L -Leu 
L — Leu 
L —Leu 
L — Leu 
L — Leu 
L — Leu 
L —Leu 
L — Leu 
L — Leu 
L — Leu 



pinane dial 

(OM h 

ptniiie dioJ 

ptnane diot 

(OHh 

(OH), 

(OH), 

(OK h 

(OH* 

(OH), 

tOK h 

(OH), 



L-Lcu (OK)} 



Oj032 

0.035 

119.00 

0.100 

99S.00 

0.083 

MO 

0.18 

3D 

0.14 

250 

0.46 

IJ00 




MG-285 Morpfa 

MO- 28 6 Moiph 

MG-287 Ac 

MG-2S8 Morpfa 

MG-289 Ms 

MO- 290 Ac 

MG-291 Ms 



— L-Trp 


L-Lcu 


(OH), 


3J0 


— L-Nal 


L — Leu 


dtetbanol- 


0J5 


— L-Nal 


L — Leu 


COH^ 


0.13 


— L-NaJ 


D-Lcu 


(OH), 


77_5 


— MH**!) 


L — Leu 


(OH), 


6J 


— L-O-PaJ) 


L — Leo 


(OH), 


5.4 


— L-Nal 


L — Leu 


djetbaool- 


0 28 



MO- 29 2 Mofpb 



MG-293 
MG-294 
MG-295 
MG-296 
MG-297 
MG-298 
MG-299 
MG-3O0 
MG-301 
MG-302 
MG-303 
MG-304 
MG-305 
MG-306 
MG-307 
MC-308 
MG-309 



Moiph 

H 

Ms 

(8-Qum>S0 2 
ti 

(2-QumKXO) 

(2-qisraa£ayfMXO) 

Mocph 

Ac 

H 

HUCl 
Ac 



Motph 



Mocph 
Motph 



MO-310 Ac 




L — Leu (OH), 



— D-Nal 

— L-(3-Pal) 

— L-Trp 

— L-Nai 

— L-Kal 

— L— Hal 

— L-Nal 

— L-O-Pal) 

— L-Trp 

— L-Nal 

— L-Nal 
L-Lm L-Nal 

— D-Nal 

— L-Tyr-<0-Beoxyi) 

— L-Tyr 

— L-(2-Na!) 

— L-Pbe 




D — Leu 
L — Leu 
L — Leu 
L— Leu 
L — Leu 
L— Leu 
L — Leu 
L — Leu 
L — Leu 
L — Leu 
L — Leu 
L — Leu 
L — Leu 
L —Leu 
L — Leu 
L-Leu 
L — Leu 



(OH* 
(OH), 
(OH), 
(OH), 
(OH), 
(OH), 
(OH), 
(OH), 
(OH), 
(OH), 
(OH), 
(OH), 
iOK h 
(OH), 
(OH), 
(OH), 
(OH), 



L-Lcu (OH), 



2400 
IS2 

sx 

L7 

0.17 

0075 

0.14 

13 

1J 

7.5 

3.9 

0.022 

189 

0.23 

031 

0.72 

0*2 

90 



MG-312 Morph 
MG-313 Micncdiyl-C(0) 



- L<2-Pal) 



L-Lcu (OH b 
L-Lcu (OH), 



6-3 
42 
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TABLE D -continued 



Conv- 
pound P* 



Inhibition of (he 205 Pioieascni* hy Boron ic Esmct and Acid Cotupotnds 
P- AA 1 - AA f - AA'-BfZ'gZ* ! 



AA* AA* 



205 

K;(nM) 



MC-3M (2-Quhi>-C(0* 
MG-315 Morph 



MG-316 H.HCI 



MG-317 Morph 

MG-318 Morph 

MG-319 HJICt 

MC-321 Moiph 

MG322 Moiph 

MG-323 Ac 

MG-324 



MG-325 (2-QuiaVQO) 
MC-328 hz 

MG-329 Cyclolicxyl-0(0) 
MG-332 ChzfN-Mc) 
MG-333 RHC1 
MG-334 RHCKN-Mc) 
MG-336 (3-Pyr)-QO) 

MG-337 HJiCl 



— L-Phc 





L-Nal 
L-Pro 
L-Nal 
L-horooPbc 




L-Uu (OH), 
L-Lcii (OH), 



0.19 

2.2 



L-Loi (OH), 



22 



L-Uu (OMYCHj) 

L-Uu (CH,), 

L-Uu (OH>, 

L-Phc (OH), 

L-Uu (OH), 

L-Uu (OH), 

L-Uu H 



L-Uu (OH), 

L-Uu (OH), 

L-Uu (OH), 

L-Uu (OH), 

L-Uu (OH), 

L-Uu (OH), 

L-Uu (OH), 

L-Uu (OH), 



99 

640 

20 

032 

2.2 

850 

2.0 



US 

Oj088 

OJ03 

0.-95 

2.1 

II 
0.25 

230 



MG-333 (2-QumVC(0> 
MG-339 HJfCl 



L-(2-PaJ) 




L-Uu (OH), 
L-Uu (OK), 



1.4 

1.600 
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TABLE D-coniioucd 



Com- 
pound P- 



Ltfiibition of the 20S Ptckczsouk by Bocoibc Estef uid Acid Couipo«Kfc. 
P — AA 1 — AA a — AA 1 ~ BfZ'w'Z 1 ! 



AA V Z 1 . Z* 



MS 



MG-340 H 




L-Lcu (OH), 



4S0 



MG-341 (2-Pyt|-C(0> 
MG 342 Bu 



MG-343 (2-Pyr)-C(0) 
MG-344 Ac 



— L-Phc 



MG-345 Bz 

MG-346 Cyclot«yl-C<0) 

MO- 347 (8-Quin)-SO, 

MG-ytS HHCl 




L-f2-Pa» 
L-(2-PaJ) 
L-(2-PaI) 



— HO 



L-Leu (OH), 
- (OH), 



L-Uu (OH), 



06 
9.700 



L-Leu (OH), 0.42 
L-Leu (OK), 51 



L-Lcu (OH)j 0.76 
L-Leu (OH), 1.1 
L-Leu (OH), 29 



21 



MC-349 HJK1 



MG-350 




MG-351 K-HCI 

MG-3S2 Pbeuyletbyl-C(O) 

MG-353 Bz 

MG-354 (8-OuinVSO, 




— L-Pte 



K2-Pil) 

L-Pbe 

L~Pt* 




L-Leu (OH), 



L-Lcu (OH), 



L-Lcu (OH), 
L-Leu (OH), 
L-Leu (OH), 

L-Leu (OH), 



0.14 



32 

0.15 

0.15 
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Com- 
pound P* 



Wiibiiiou of ibe 20S Pio*casoiue by Boionic Etfer lad Acid Compounds 
P - AA 1 - AA 1 ~ AA 3 ~ B/Z'mT. 1 ! 



AA" Z'. Z : 



20S 

K ; fnM) 



MG-356 Chi 
MG-357 HJ*CI 




L-Leu (Oil), 0.13 
L-Lcu (OH>j 23 



MG-358 (3-Funnyl>CrOi 
MG-359 H.HCI 



L-Phc 



MG-361 f3-Pym>lyr>-C(0) 
MG-362 O 




MG-363 HJiCI 





L-Uu (OHh 0.17 
L-Lcu (OH), 5.5 



L-Lcu (OKU 0.14 
L-Leu (OH), 6,400 



L-Leu (OH), 3.45 



MG-364 Pbcocihyl^C(O) 
MG-366 HJfCl 




L-Leu (OH^ 1,500 
L-Leu (OH), 



MG-368 (2-Pyz)-C(0) 
MG-369 HJ*C1 



— L<2-Pal) 



L-Lcu (OH), 
L-Leu (OH* 



5.6 
24.2 



MG-380 (S-QuiolSO, 
MG-382 (2-Pyi)-C(0> 
MG-383 (2-Py*>-C(0) 



L-Ptae 
L-(4-F>Pt* 



L-Leu (Om, 
L-Leu (OKj, 
L-Leu (OH), 



4 4 

0.95 
0S4 
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TABLE D-continucd 



Com- 
pound P* 



luhiKtiGo of the 20S Protcasontc bv Boconic Ester and Acid Compounds 

p- aa'-aV-aa 1 - eg 1 YZ 2 > 

AA 1 aa 1 * 



AA** Z'. Z 7 



20S 



MG-385 H HCI 



MG-386 H.HC1 



MG-387 Motph 




L-Lcu (OH), 



L-Uu (OH), 



92 



L— Leu (OH), 



0.2 



"Cbz - caibobeazyioxy; MS = mrthy IsuUbay L Mocph = 4~ox>fpholmecarboiiyi: (8-Quta>SO z - 8-qainofincsxiJbnyl: (2-OjuinKXO) = 2-quh»olmecarfera;l; 
Bz = benzoyl; f2-Pyx>— C(0) = 2-pyridinecmifeonyl; (3-Pyr)— C(0) = 3-^yrijiriccafboayl; <2-Pyz) — C(O) = 2-wrarkicc«it>oayl. 

*N*1 = fHl-ttaphthy rplaniae: (2-tfaf) = p-( 2-oaphthy VpUninc ; f2-PaI) = p^2-pyiklyi)ri»nine; (3-PaJ) - p^3-pyridyi>alaixiac; homoPhc = bocoopbenyUlimae; 

(4-F>Pbe = (4-fiwopfaeiiyt)alaniae. 

C B{Z 1 XZ J ) takes the place of Che carboxyl group of AA 3 . 



Io Table DDL P. AA 1 . AA 2 . AA 3 . aod X arc substituents of la Tabic IV. P. AA*. AA 2 . AA 3 . and X arc substitucnls of 
the general formula: P - AA 1 - AA 2 - AA 3 - X the general formula: P - AA 1 - AA 2 - AA 3 - X. 

Table III demonstrates that dipeptide borotuc acids have «* 
lower K, values than the corresponding dipeptide aldehydes. 



TABLE HI 



Comparison of Dipeptide Bonnie Acids to Dipeptide Aldehydes 
Cpd. P AA* AA* AA* X 2QS K,(oM) 



TaWc IV demonstrates the markedly superior selectivity 
for the 20S proteasome over other proteases, eg. Cathepsio 
50 B. exhibited by the boronic esters/acids as compared to the 
peptide aldehydes. 



MG-1Q5 
MC-274 



z 
z 



L— Leu L — Leu CHO 
L— Leu L— Leu B(OK\? 



15J300 

3.0 



TABLE IV 



Inhibit km of the 20S Protcasomc by Boroaic Ester sod Acid Compounds 

p-aa'-aa 2 -aa j -x 



20S Cnhcpsa B 

Compound P AA 1 AA 1 AA* X K; (oM) KW* 



MG-IS4 Ac 
MC-191 Cbz 



L— Leu L — Leu L-LeuCHO 66 0 5.0 

L-Trp L — Leu L-LeuCMO 038 0 54 
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TABLE IV continued 



InhiHtiou of the 20S Pro*easoa* by Boionic Esicr aud Acid Compound* 
p-AA'-AA'-AA'-X 



Compound P 



205 Cuhepitii B 
AA' AA 7 AA J X K i (oM> (aM> 



MG-262 Chi 

MG-273 O 



MG-296 



MG-309 



MG-341 




L-Ltu L-Uu L-LeuBfOKi, 0 035 
— L-Nil L — Leu B(OH\ 0.18 



— L-Nil L-LeuBfOH^ 1.7 



6,100 
200.000 



_ L-Pbe L— Leu BTOH), 0.82 



— L-Pbe L-Uu W 0 6 



132,000 



160,000 



The selectivity of borooic acid inhibitors of the protea- 
some is further demonstrated in Table V. 

TABLB V 

Selectivity of Borooic Ester and Acid Inhibitors 
of the 2QS Proteasome 











Human 






Leukocyte 








: 20S 


EUst&se 




Cttyrootryps in 


Conpound 


Ki<nM> 








MC-262 


003 


IS 


55 


7 


MG-267 


0.1 


150 


33J0OO 


2JO0 


MG-296 


1.7 


36 


9.200 


75 


MG-309 


0S2 


7.000 


4300 


465 




0£ 


2^300 


62S 


322 



» EXAMPLE 19 

Inhibition of Protein Degradation in C2C12 Cells 

C2C12 cells (a mouse myoblast line) were labelled for 48 
40 hrs with 3S S-methiooine. The cells were then washed and 
preiocubated for 2 hrs inthe same media supplemented with 
2 raM unlabelled methionine. The media was removed and 
replaced with a fresh aliquot of the preincubation media 
containing 50% serum, and a concentration of the compound 

45 to be tested. The media was then removed and made up to 
10% TCA and centrifuged. The TCA soluble radioactivity 
was counted. Inhibition of proteolysis was calculated as the 
percent decrease in TCA soluble radioactivity. From this 
data, an EC 50 for each compound was calculated 

50 Data for compounds of formula ( I) or (2) are presented in 
Table VL 



TABLE VI 







loNbiuoo of Protein Dcgndalkra in C2CI2 Cctb by Bovoak Es*a and Acid Compound* 
p- AA 1 ~ AA 1 - AA* - BCZ' ¥Z 7 t 




P* 


AA 1 AA n 


AA 1 * Z'.Z* 


MG-262 


Chi 


L— Leu L— Leu 


L — Leu (OH^ 


280 


MG-270 


Cbz 


— L— N«J 


L-Lcu (OH), 


730 


MG-272 


Cbi 


— D-(2-NiI) 


L-Leu(OH), 


6J0OO 


MG-273 


Morpb 


— L-N»l 


L-Lcu (OH), 


140 


MG-274 


Cbl 


— L-Lcu 


L-Lcu (OH), 


340 


MG-278 


Mocph 


L-LeuL — Uu 


L-Leu(OH>, 


7.500 


MG-282 


Cbz 


— L — His 


L — Leu (OH), 


64J00O 


MG-283 


AC 


L -Leu L-Uu 


L-Lcu (OH), 


3J00O 


MG-28S 


Morpb 


— L-Ttp 


L- Leu (OH), 


2.400 
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TABLE Vl-conlinued 



Inhibition of PtoKcl Defradalion b. CJCI2 Cells by Boroiix: Eslo m«J Acid Coinpoisub 
P- AA' - AA'-AA'-BfZ'lfZ'l 



CornpouDd P" 



AA 1 AA" 



Z'.Z 2 



IC„ (aM i 



MG-286 Morph 

MG-2S7 Ac 

MG-289 Mi 

MG-?» Ac 

MC-292 Mocpb 



L~N»I 
L-Nal 

L-(3-P a l> 




L — Leu dictfaaoolaniiiM: 
L — Leu (OK », 
L — Leu (OH», 
L-Lcu (OK h 

L-Lcu (OH), 



95 
106 
10.830 
10.240 

11320 



MG-296 
MG-298 
MG-299 
MG-301 
MG-302 
MG-303 
MG-304 
MG-306 
MG-307 
MG-308 
MG-309 
MC-312 
MG-313 
MG-314 



(g-Oum)^*), 

(2-Ouin>C(0) 

(2-Ouirc>ialinyI>C(0) 

AC 

H 

H-HC1 
Ac 

Morph 
Motph 
Morph 



Moipb 

PhetKtbyl-QO) 
(2-QuinVC(0) 



.— L-Nal 

— L-Nal 

— L-Nal 

— L-Trp 

— L-Nal 

— L-Nal 
L-Lcu L-Nal 

— L-Tyr-fO-Bn) 
_ L-Tyr 

— L-(2-Nal) 

— L-Phe 

— L-f2-Pal> 

— L-Pbe 



L-Lcu (OH), 
L — Leu (OH), 
L — Leu (OHfe 
L-Leu(OH), 
L-Lcu (OH>, 
L-Leu(OH), 
L-Lcu (OH^ 
L — Leu (OH), 
L-Lcu (OH\j 
L- Leu (OH), 
L- Leu (OH), 
L-Lcu (OH), 
L — Leu (OH), 
L-Lcu (OH), 



73* 
230 
280 

1300 
270 
340 
240 
130 

4,800 
96 
210 

1,100 

3,500 
130 



MG-315 Morph 



MG-316 H-HC1 




L-Lcu (OH), 



340 



L-Lcu (OH), 



21,000 



MG-319 
MG-321 
MG-322 
MG-325 
MG-328 
MG-329 
MG-332 
MG-333 
MO-334 
MG-336 
MG-341 
MG-343 
MG-345 
MG-346 
MG-347 



una 

Morph 
Morph 

(2-QuiiKXO) 
B*. 

Cyclouexyl0(0) 

Chz(N-Mc) 

H.HC1 

HJfCVN-Me) 
(3-Pyr)-QO) 
<2-Pyz)-C(0) 
(2-Pyrt-C(0) 
Bz 

CycloUxyVC(0) 
(8-OjuinVSO, 



L-Pro 

L-Nal 

L-borooPhc 

L-facnDoPhe 

L-Nal 

L-Nal 

L-Nal 

L~Nal 

L-Nal 

L-Pbe 

L-Phe 

L-Phc 

L-<2-Pal) 

K2-Pal) 



L-Lcu (OH), 
L-Pbc(OH)j 
L-Lcu (OH), 
L-Lcu (OH), 
L-Lcu (OK), 
L-Uu (OH), 
L-Lcu (OH), 
L-Lcu (OH), 
L — Leu (OH), 
L-Lcu (OH), 
L- Leu (OK*, 
L-Lcu (OH), 
L-Lcu (OH), 
L-Lcu (OH), 
L-Lcu (OH), 



14,000 
Z400 

380 
1,100 
69 
4S 
950 
220 
320 
100 
69 
57 
120 
150 
I3J00O 
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TABLE Vl-cootinued 



Libihriion of Proku. Degradation in C2CI2 Cells by Boionic Esicr aid Acid Compoui»d> 
P-AA'-AA'-AA'-Bq'VZ't 

Corupomd P- AA' AA~ AA* V.7? IC^CuMi 



MG 350 

a 


O 


— L-Pbc 


L — Leu t'OH b 


160 


MG-351 HJ4C1 






L-Uu (OKh 


8.100 



*Ou = carbobeuzyloxy: Morph = 4-mcxptotioa. ai too y l; {8-QunrtS0 2 ^ - , 

benzoyl <2-Pyr>-C(Oi = 2-p>«ltt»xartonyU 0-Pyr|-C(0> - 3-pyridi«c«tooyl: (2-Pyz)-CfO) = 2-^m^arhon>l. 

honiophcoyUhnine. s 
*BfZ XZ 1 ) lakes it* place of (he cartoiyl group of AA . 

EXAMPLE 20 20 V-CAM. and E-selectin on TNF-ct stimulated HUVECs is 

significantly inhibited by MG-273 at concentrations of 0.5 
MG-273 Inhibits Corticostcronc -Induced Cachexia uM or above. 

m EXAMPLE 23 

Rats were stabilized on a diet free from3-raethyttustidine 25 
and then placed in metabolic cages for collection of 24-hour Boronic Acid Compounds Block the DTH 

urine samples. After two days of urine collections to deter- Response in Mice 

mine basal 3-methythisudine output the rats were treated Naivc wcrc sensitized by the application of 20 uL of 
with daily subcutaneous injections of corticostcrone (100 a 0 5% ( v /y) solution of 2.4-dinitrofluorobenzene in 4:1 
mgflcg). Starting on the second day of corucosterooe ^ acctOQc/olivc oil to both of the rear limb footpads. This 
treatment, some of the rats were also treated with MG-273. procedure ts performed on two consecutive days, which are 
administered via a subcutaneous osmotic pump at a dose rate rc f ctrcd (Q ^ ^ s Q ^ j 

of a^roximately ^^J^^^^^ The efferent phase of the contact sensitivity response was 
received vehicle only (25% D *^/*™^ 2 °?> * elicited on day 5 by the application of 10 uL of a 0.2% (v/v) 
administered ma simdar fashion, FIG- 1 sho*s that treat- j^troauorobenzene in 4:1 acetone/olive oil 

ment with MG-273 reduced the unnary ou put of 35 of the left eax The contraiaterai control ear was 

3-methylhistidine. wmch was induced in response to cocti- ^ ^ ^ ^ ^ ^ of vchidc oaJy ^ mkc 

costerone treatmenL wcfC t^ty anaesthetized for this procedure by the intrap- 

EXAMPLE 2 1 eritoneal (i.p.) injection of a mixture of ketamioe (80 mgflcg, 

^ Henry Schein) and xylazine (16 mg/kg. Henry Schein). 
MG-273 Inhibits the Activation of NF-kB Test compounds were administered orally as a suspension 

. , u . in 0 5% methylceUulosc (4000 ceotipoises Fisher Scientific) 

Wa l tf^n£,f^uLtZ^ 30 minutes prior to the application of the challenge dose of 
(PalombelU. et aL CcH 7S.773-7o5 ( 1994)). MG63osteosa- r4 ^trofluo^nzenc to the ears. The dose was delivered 
rcoma cells were stimulated by treatment with TNF-a for ^ a fioai volurac of 0 .5 mL using a 24 gauge 1 inch 
the designated times. Whole cell extracts were prepared and 45 maiicMc fccdmg Dccdk with a 1.25 mm ball tip (Roboz 
analyzed by eledrophoretic mobility shift assay using the Surjncal) 

PRDn orobe from the human IFN-6 gene promoter. FIG. 2 ™ rt . lf . 

™" STrS ttndiog activity las iAibited by pre- Ap^oxinutdy 18 hours after ^aUct.^ ear swelling 
HLot for 1 hour withMG 273 Xn aldehyde inhibit of *» de«ernun«l by ™g boft^ ^j^! 
the proteasomc. MG 132 (Cbz-L-Leu I.-Leu -L-Leu H ). „ e ^ c ^ 'J±^J^^^ ( ^ 
also inhibited NF-icB biodiag activity, whereas MG- 102 50 abso,u,c <Uffcrencc ,'° ."" ckness of *^xpermienul (left) 
^Tw-L-Lcu-L-Met-H) which is inactive agaiost the «« v$ - ** "o* 01 cars was d?*™"** 1 for «<* 

^o^i^d^uLTw-^^gTcUvity. treatmot group. Efficacy was dcternuned by co^panog Uus 

fc difference in thickness to the difference calculated for the 

EXAMPLE 22 vehicle control group. Test results are provided in Table VTL 

55 

MG-273 Inhibits Expression of Cell Adhesion TABLE VTJ 

Molecules oo HUVE Cells 



60 



HUVECs in microtiter plates were exposed to the indi- 
cated concentrations of inhibitor for 1 hour, prior to the 
addition of 100 U/raLTNF-tt. Cell surface binding assays 
were performed at 4° C. using saturating concentrations of 
mooociooal antibodies specific for the ceU adhesion mol- 
ecules (Becton Dickenson) and fluorescent-conjugated 

F(aK)> goal an ti -murine IgG (Caltag Labs. San Francisco. . . 

Calif:). Fluorescent immunoassays for E-selectin and 65 All publications and U.S. patent applications mentioned 
I-CAM were performed at 4 hours, those for V-CAM at 16 hereinabove are hereby incorporated in their entirety by 
hours. FIG. 3 shows that cell -surface expression I -CAM. reference. 



Inhibition of the DTH Response in Mice 


Compound 


Dose <m^A.g> 


<fr tnhjbilioo 


MG-296 


50 


60 


MC-309 


3 


40 


MG-341 


3 


90 
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While ihc foregoing invention has been described in some 
detail for purposes of clarity and understanding, it will be 
appreciated by one skilled in Che art from a reading of this 
disclosure that various changes io form and detail can be 
made without departs g from the true scope of the invention 
and appended claims. 

What is claimed is: 

1. A compound having the formula: 



dibenrylamino. nitro. 
trifluororrteihyl. halogen. 



P— N-f B'-X»4 — ■ 

*U* J A 



-CH— X^-CH— BCVVZ-t 
R 1 R* 



(la> 10 



20 



30 



35 



or a pharmaceutical^ acceptable salt thereof; wherein 
P is R 7 — C(0) — or R 7 — S0 2 — . where R 7 is pyrazinyl; 
X- is — C(0) — NH — ; 
R is hydrogen or alkyl. 

R 2 and R J are independently hydrogen. alkyL cydoalkyl. 

aryl. or — CH 2 — R 5 ; 
R 5 . in each instance, is one of aryl. ar alkyL alkaryl. 

cydoalkyl. or — W — R 6 . where W is a chalcogen and 

R 6 is alkyl; 

where the ring portion of any of said aryl. aralkyt. or 
alkaryl in R 2 . R s and R 5 can be optionally substituted 
by one or two substituents independently selected from 
the group consisting of C |j6 alkyl. C 3 . 8 cydoalkyl. 
alkyHC,. 8 >cycloalkyl. C a .« alkeoyl. C 2 ^ alkynyl. 
cyano. amino. C,^ alkylamino. di(C,^)alkylamino. 
bcnzylamino. dibenzylarnino. nitro. carboxy. carbo^. 
«)alkoxy. trifluoromethyL halogen. alkoxy. C 6 . lo 
aryl- C 6 . l0 aryKC^alkyl. Q_ I0 aiyKC^alkoxy. 
hydroxy. alkylthio. aUcylsulftnyl. C,^ 

alkylsulfonyl. Q_ l0 arylthio. C^ to arylsulfinyt. C 6 . lo 
arylsulfonyL C^o aryl- alkyl(C 6 . 10 ) aryl. and 
HaloCQ^oWl; 
Z 1 and 7? are independently one of hydroxy, alkoxy. or 
aryloxy. or together Z 4 and Z 2 form a moiety derived 
from a dihydroxy compound having at least two 
hydroxy groups separated by at least two connecting 40 
atoms in a chain or ring, said chain or ring comprising 
carbon atoms, and optionally, a heteroalora or heteroa- 
loms which can be N. S. or O; and 
A is zero. 

2. The compound of claim I. wherein: +5 
A is zero; 

X is — QO) — NH — ; 
R is hydrogen or C,^ alkyl; and 
R, is C lJS alkyL 

3. The compound of claim 2. wherein R 3 is C 4 alkyl. 

4. The compound of claim 1, wherein P is one of 
2-pyrazinecarbonyI. or 2-pyrazinesulfbnyi- 

5. The compound of claim I. wherein R is hydrogen or 
C^alkyt. 

6. The compound of claim 1. wherein: 
R 2 and R 5 are each independently one of hydrogen. C._« 

alkyl. C 3 lo cydoalkyl. or C^ 1G aryl. or — CH,— « ; 
R 5 . in each instance, is one of C^oaryL C^o artC,^) 

alkyl. C^alk(C^ 10 )aryl. C,_ 10 cydoalkyl. C lJe alkoxy. 

orC l-e aikyithio; 
where the ring portion of any of said aryl. aralkyl. or 

alkaryl groups of R 2 . R 3 and R 5 can be optionally 

substituted by one or two subsuUicnU independently 
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alkylaruino. bcnzylamino 
carboxy. carboiC, ^)aJkoxy. 

C^alkoxy. C 6l0 aryL Q^oWKC.^IkyL C 6 . 10 aryl 
(C^alkoxy. hydroxy. C.^alkylihio. C l6 alkylsulfinyl. 
C.^alkylsulfonyl. C 6 to arylthio. C 6 l() arylsulnnyl. 
Q. l0 arylsulfonyl. Q. 10 aryl. C l ^aItyl(C 4 . IO Jaryl. and 
halo<C 6 . 10 )aryl. 

7. The compound of claim I. wherein R 3 is Cj.^alkyl. 

8. The compound of claim I. wherein R, is C^alkyl. 

9. The compound of claim 1. wherein R, is C«alkyl. 

10. The compouod of daim I. wherein R* is isobutyl. 

11. The compound of claim 1. wherein R" is one of 
isobutyl. l-naphlhylmelhyl. 2-naphthylmethyl. benzyl. 
4-fluorobenzyl. 4-hydroxybenzyI. 4-<benzyloxy)benzyl. 
benzylnaphthylmethyl or phencthyl. 

12. The compound of daim 1. wherein Z 1 and Z" are 



50 



independently one of hydroxy. C 4 ^alkoxy. or C^.o^ryloxy. 

13. The compound of claim 12. wherein Z 1 and 7? are 
both hydroxy. 

14. The compound of claim 1. wherein together Z 1 and Z 
form a moiety derived from a dihydroxy compound sdected 
from the group consisting of pinacol. perfluoropinacol. 
pinanediol. ethylene glycol, diethylcne glycol, 1.2- 
cydohexanediol. 13-propanediol. 23-butanediol. glycerol 
or diethanolamine. 

15. The compound of claim 1. wherein; 
P is one of quinolinccarbonyl. pyridinecarbonyl. 

quinolinesulfonyl. quinoxalinecarbonyl . 
quinoxalinesulfonyl. pyrazioccarbonyl, 
pyrazinesulfonyl. furancarbonyL furansulfonyl or 
N-morpholinylcarbonyl; 
A is zero; 

X 2 is — C(O) — NH — ; 
R is hydrogen or C,^ alkyl; 

R 2 and R 3 are each independently one of hydrogen. 
C t . .alkyl. C 3lo cycloalkyl. C 6lo aryI. 
Q.toarCCj^ >alkyl. pyridylmethyl. or quinolinytra- 
ethyl: and 

Z 1 and Z 2 arc both hydroxy. C t ^alkoxy. or QuoMyloxy- 
or together Z l and Z 2 form a moiety derived from a 
dihydroxy compound sdected from the group consist- 
ing of pinacol. perfluoropinacol. pinanediol. ethylene 
glycol, diethylcne glycol. 1^-cydohcxanedioL 13- 
propancdioL 23-butancdiol. glycerol or diethanola- 
mine. 

1$. The compound of daim 1. wherein: 
P is one of 2^yrazinecarbonyl. or 2-pyrazinesulfonyl; 
A is zero; 

X 2 is — C(0> — NH — ; 
R is hydrogen or alkyl; 



R 3 is isobutyl; 

R 2 is one of isobutyl. l-naphlhylmethyl. 
2-naphthylroethyl. benzyl. 4-fluorobeozyl. 
4-hydroxybenzyl. 4-<beozyloxy)benzyl. benzylnaphth- 
ylmethyl or phencthyl; and 
Z' and Z 2 are independently one of hydroxy. C t ^alkoxy. 
C 6 . lo aryloxy. or together Z 1 and Z 2 form a moiety 
derived from a dihydroxy compound selected from the 
group consisting of pinacol. perfluoropinacol. 
pinancdioL ethylene glycol, diethylene glycol. 1.2- 
cydohexancdiol. I J -propanediol. 23-butancdiol. 
glycerol and diethanolamine. 
17. The compound of claim 1. wherein said compound is 

selected from the group consisting of C^alkyl. 65 one of: ...... 

C^cloaU^l.C^alkyKC^ N-<2-pyrazine)carbonyl-L-phcnylalanine-L-lcucine 
C,^alkynyt cyano. amino. C^alkylaroino. difC,^) boronic add. 
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N-<2-quinolinc)sulfonyl-L-homophenylalanine-L-lcocinc 
boronic acid. 

N-(.Vpyridine>earbonyl-L-phenylalaniue-L-leucine 
boronic acid. 

N-(4-morphoiinc)carbonyl-L-phcnylalaninc-L-kucinc 5 
boronic acid. 

N^4-mofpholinc)carbonyl-P-(l-napriihyl>-L-alaninc-L- 

leucioe boronic acid. 
N-(8-quinoline>sulfonyl-(i-( i-naphthyl>-L-alanine-L- 

Leucine boronic acid. if 
N-(4-morpholinc)carbonyMO^enzyl)-L-tyrosine-L- 

leucine boronic acid. 
N^4-nK>rphoUne)cartx)nyl-L-tyrosine-L-leucine boronic 

acid. 

N-(4-morpholine )carbonyl-| 0-(2-py ridy Imethy I) I L- 15 

tyrosi oe-L-leucinc boronic acid; 
or isosteres. pharmaceuiically acceptable salts or borooate 

esters thereof. 

18. The compound N-(2-pyrazine)carbonyl-L- 
phcnyUlanine-L-leucirjc boronic acid, or a pharraaceutically M 
acceptable salt or borooate ester thereof. 

19. A compound having the formula: 



R [R* 



_x»4 — CH-X 2 — CH— Ba'lfZ 2 ) 

^ 1 



(U) 



or a pharmaceutical^ acceptable salt thereof; wherein 
p is R 7 — CiO) — and R 7 is pyrazinyl; 
X 2 is — C(0) — NH — ; 

R is hydrogen or alkyl; 30 
R 2 and R 3 are independently hydrogen, alkyl. cydoalkyl. 

aryL or — CH 2 — R 5 ; 
R 5 , in each instance, is one of aryl. aralkyl. alkaryl. 

cydoalkyl. or — W — R 6 . where W is a chalcogen and 

R* is alkyl; 
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where the ring portion of any of said aryl. aralkyl. or 
alkaryl in R\ R* and R 5 can be optionally substituted 
by one or two substituents independent y selected from 
the group consisting of C,^ alkyl. C,* cydoalkyl. C,^ 
alkyKCj.eKydoalkyl. C\ 8 alkenyl. C : . 8 alkyoyl. 
cyano. amino. C |j6 alkylamino. di(C lj6 )alkylanuno. 
benzylarnino. dibenzylamino. nitro. carboxy. carbofC,. 
6)alkoxy. trifluoromethyl. halogen. C,.« atkoxy. C 6 . l0 
aryl. Q. l0 aryl(C,^)atkyl. 0 6 lO aryKC^koxy. 
hydroxy. C,^ alkylthio. C I 6 alkylsulfinyl. C,^ 
alkyisulfonyl. C 6 lo arylthio. Q_ lo arylsulfinyl. C 6 |0 
arylsulfooyl. Q. lo aryl. C^aikyl (C 6 lo )aryt *nd halo 
(C*. i0 )aryl; 

Z* and 7? are independently one of hydroxy, alkoxy. or 
aryloxy. or together Z* and Z~ form a moiety derived 
from a dihydroxy compound having at least two 
hydroxy groups separated by at least two connecting 
atoms in a chain or ring, said chain or ring comprising 
carbon atoms, and optionally, a heteroatom or heteroa- 
toms which can be N. S. or O; and 

A is zero. 

20. A pharmaceutical composition, comprising a com- 
pound of daim I. or a pharraaceutically acceptable salt 
thereof, and a pharmaceuti call y acceptable carrier or diluent 

21. A pharmaceutical composition, comprising a com- 
pound of claim 19. or a pharraaceutically acceptable salt 
thereof, and a pharmaceutical^ acceptable carrier or diluent 

22. The pharmaceutical composition of daim 20 or 21. 
wherein said compound is present in an amount effective to 
inhibit the proteasome function in a mammal. 
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Claim Chart 



1/ A compound having the formula: 



N- 

I 

R 



B 1 — X 1 -| — CH— X 2 — CH — B(Z 1 )(Z 2 ) (la) 



or a pharmaceutical^ acceptable salt thereof; 
wherein 

P is R 7 -C(0)- or R 7 -S0 2 - where R 7 is pyrazinyl; 

X 2 is-C(0)-NH-; 

R is hydrogen or alkyl; 

R 2 and R 3 are independently hydrogen, alkyl, 
cycloalkyl, aryl, or -CH 2 -R 5 ; 

R 5 , in each instance, is one of aryl, aralkyl, 
alkaryl, cycloalkyl, or -W-R 6 , where W is a 
chalcogen and R is alkyl; 

where the ring portion of any of said aryl, 
aralkyl, or alkaryl in R 2 , R 3 and R 5 can be optionally 
substituted by one or two substituents 
independently selected from the group consisting of 
C w alkyl, C^g cycloalkyl, C^alkyKC^cycloalkyl, 
C 2 _g alkenyl, C 2 ^ alkynyl, cyano, amino, C^ 
alkylamino, di(C lH6 )all^lamino, benzylamino, 
dibenzylamino, nitro, carboxy, cartxKQ.Jalkoxy, 
trifluoromethyl, halogen, C 1h6 alkoxy, Q.^ aryl, Q-io 
aryl(C lH6 )alkyl, Q 10 axyl(C^)alkoxy, hydroxy, C^ 
alkylthio, C 1h6 alkylsulfinyl, C^ alxylsulfonyl, Q. 10 
arylthio, C M0 arylsulfinyl, C M0 arylsulfonyl, C^q 
aryl, C 1h6 alkyHQ^aryl, and hak^Q^aryl; 

Z 1 and Z 2 are independently one of hydroxy, 
alkoxy, or aryloxy, or together Z 1 and Z 2 form a 
moiety derived from a dihydroxy compound having 
at least two hydroxy groups separated by at least 
two connecting atoms in a chain or ring, said chain 
or ring comprising carbon atoms and, optionally, a 
heteroatom or heteroatoms which can be N, S, or O; 
and 

A is zero. 



Bortezomib 

(active ingredient) 




P is R 7 -QO)-, where R 7 is 
pyrazinyl; 

X 2 is-C(0)-NH-; 

R is hydrogen; 

R 2 is -CH 2 -R 5 , where R 5 is phenyl 
(i.e., aryl); 

R 3 is isobutyl (i.e., alkyl); 
Z 1 and Z 2 are both hydroxy; 
A is zero. 

VELCADE™ (bortezomib) for 
Injection 

(formulated drug product) 




P is R 7 -C(0)-, where R 7 is 
pyrazinyl; 

X 2 is -QO)-NH-; 

R is hydrogen; 

R 2 is -CH 2 -R 5 , where R 5 is phenyl 
(i.e., aryl); 

R 3 is isobutyl (i.e., alkyl); 

together Z 1 and Z 2 form a moiety 
derived from mannitol (i.e., a 
dihydroxy compound) having six 
hydroxy groups (i.e., at least two 
hydroxy groups) separated by 
two connecting atoms in a chain, 
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said chain comprising carbon 
atoms; 

A is zero. 


2. The compound of claim 1, wherein: 

A is zero; 

X is -C(0)-NH-; 

R is hydrogen or C,^ alkyl; and 

R 3 is C,_6 alkyl. 




3. The compound of claim 2, wherein R 3 is C 4 
alkyl. 




4. The compound of claim 1, wherein P is one 
of 2-pyrazinecaroonyl, or 2-pyrazinesulfonyl. 




5. The compound of claim 1, wherein R is 
hydrogen or alkyl. 




6. The compound of claim 1, wherein: 

R 2 and R 3 are each independently one of 
hydrogen, C x . s alkyl, C± l0 cycloalkyl, or C^o aryl, or 
-CH 2 -R 5 ; 

R 5 , in each instance, is one of Q^o aryl, Q.-Q 
ar(C^) alkyl, C^alk (Q 10 )aryl, C yi0 cycloalkyl, C x _ 8 
alkoxy, or C^galkylthio; 

where the ring portion of any of said aryl, 
aralkyl, or alkaryl groups of R 2 , R 3 and R 5 can be 
optionally substituted by one or two substituents 
independently selected from the group consisting of 
C^alkyl, cycloalkyl, Cualkylfc^cycloalkyl, 
C^alkenyl, C^alkynyl, cyano, amino, C u 
^alkvlamino di(Cl-, ^alkvlamino benzvlamino. 
dibenzylamino, nitro, carboxy, carbo(Cj^)alkoxy, 
trifluoromethyl, halogen, C lH6 alkoxy, C^^ryl, 
10 aryl(C 1 . 6 )alkyl / C 6 _ 10 aryl(C 1 _ 6 )alkoxy, hydroxy, 

^^O" l\J J \ 1*0/ J * IU 7 A l-O/ J * J J r 

Q^alkylthio, C lH6 alkylsulfinyl, C lH6 alkylsulfonyl, 
C MO arylthio, C^^rylsulfinyl, C^-oarylsulfonyl, 
Q. 10 aryl, C-^alkyKQ.-oJaryl, and halo(C 6 _ I0 )aryI. 




7. The compound of claim 1, wherein R 3 is C,_ 
12 alkyl. 




8. The compound of claim 1, wherein R 3 is Q_ 
6 alkyl. 




9. The compound of claim 1, wherein R 3 is 
QalkyL 




10. The compound of claim 1, wherein R 3 is 
isobutyl. 
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11. The compound of claim 1, wherein R 2 is one 
of isobutyl, 1-naphthylmethyl, 2-naphthylmethyl, 
benzyl, 4-fluorobenzyl, 4-hydroxybenzyl, 
4-(benzyloxy)benzyl, benzylnaphthylmethyl or 
phenethyl. 




12. The compound of claim 1, wherein Z 1 and Z 2 
are independently one of hydroxy, C^alkoxy, or 
C^aryloxy. 




13. The compound of claim 12, wherein Z 1 and 
Z 2 are both hydroxy. 




15. The compound of claim 1, wherein: 

P is one of quinolinecarbonyl, pyridinecarbonyl, 
quinolinesulfonyl, quinoxalinecarbonyl, 
quinoxalinesulfonyi, pyrazinecarbonyl, 
pyrazinesulfonyl, furancarbonyl, furansulfonyl or 
N-morpholinylcarbonyl; 

A is zero; 

X 2 is ^C(0)-NH-; 

R is hydrogen or Q_ 8 alkyl; 

R 2 and R 3 are each independently one of 
hydrogen, C^alkyl, C3_ l0 cycloalkyl, C^^aryl, Q. 
10 ar(C 1 ^)alkyl, pyridylmethyl, or quinohnylmethyl; 
and 

Z 1 and Z 2 are both hydroxy, C^alkoxy, or 
10 aryloxy, or together Z 1 and Z 2 form a moiety 
derived from a dihydroxy compound selected from 
the group consisting of pinacol, perfluoropinacol, 
pinanediol, ethylene glycol, dietnylene glycol, 
1,2-cyclohexanediol, 1,3-propanediol, 2,3- 
butanediol, glycerol or cuethanolamine. 


- 


16. The compound of claim 1, wherein: 

P is one of 2-pyrazinecarbonyl, or 
2-pyrazinesulfonyl; 

A is zero; 

X 2 is-C(0)-NH : ; 

R is hydrogen or alkyl; 

R 3 is isobutyl; 

R 2 is one of isobutyl, 1-naphthylmethyl/ 
2-naphthylmethyl, benzyl, 4-fluorobenzyl, 
4-hydroxybenzyl, 4-(benzyloxy)benzyl, 
benzylnaphthylmethyl or phenethyl; and 

Z 1 and Z 2 are independently one of hydroxy, 
C lH6 alkoxy, Q.joaryloxy, or together Z 1 and Z 2 form a 
moiety derived from a dihydroxy compound 
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selected from the group consisting of pinacol, 
perfluoropinacol, pinanediol, ethylene glycol, 
diethylene glycol, l,2<yclohexanediol, 1,3- 
propanediol, 2,3-butanediol, glycerol and 
diethanolamine. 




17. The compound of claim 1, wherein said 
proteasome inhibitor is one of: 

N-(2-pyrazine)carbonyl-L-phenylalanine-L- 
leucine boronic acid, 

N-(2-quinoline)sulfonyl-L-homophenylalanineT 
L-leucine ooronic acid; 

N-(3-pyridine)carbonyl-L-phenylalaiiine-L- 
leucine boronic acid, 

N-(4-morpholine)carbonyl-L-phenylalanine-L- 
leucine boronic acid, 

N-(4-morpholine)carbonyl-P-(l-naphthyl)-L- 
alanine-L-leucine boronic acid. 

N-(8-qiiinoline)sulfonyl-(3-(l-naphthyl)-L- 
alanine-L-leucine boronic acid, 

N-(4-morpholine)carbonyl-(0-benzyl)-L- 
tyrosine-L-leucine boronic acid, 

N-(4-morpholine)carbonyl-L-tyrosine-L-leucine 
boronic acid, 

N-(4-morpholine)carbonyl-[0-(2- 
pyridylmethyl)]-L-tyrosine-L-leucine boronic acid; 

or an isostere, pharmaceutical^ acceptable salt 
or boronate ester tnereof . 




18. The compound N-(2-pyrazine)carbonyl-L- 
phenylalanine-L-leucine boronic acid, or a 
pharmaceutically acceptable salt or boronate ester 
thereof. . 




19. A compound having the formula: 

P — N— B 1 — X 1 CH~X 2 -CH — B(Z 1 )(Z 2 ) (l a ) 

R R 1 R 2 R 3 
L A 

or a pharmaceutically acceptable salt thereof; 
wherein 

P is R 7 -C(0)- and R 7 is pyrazinyl; 

X 2 is -C(0)-NH-; 

R is hydrogen or alkyl; 

R 2 and R 3 are independently hydrogen, alkyl, 
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cycloalkyl, aryl, or -CHj-R 3 ; 

R 5 , in each instance, is one of aryl, aralkyl, 
alkaryl, cycloalkyl, or -W-R 6 , where W is a 
chalcogen and R is alkyl; 

where the ring portion of any of said aryl, 
aralkyl, or alkaryl in R 2 , R 3 and R 5 can be optionally 
substituted by one or two substituents 
independently selected from the group consisting of 
C^aikyl, C^cycloalkyl, C^alkyl(C3_ 8 )cycloalkyl, C 2 . 8 
alkenyl, C 2 s aflcynyl, cyano, amino, alkylamino, 
di(C 1 ^)alkylamino / benzylamino, dibenzylamino, 
nitro, carboxy, carboCQ^alkoxy, trifluoromethyl, 
halogen, alkoxy, C MO aryl, C w0 aryl(C^)alkyl, Q. 
10 aryl(Cj Jalkoxy, hydroxy, C 1h6 alkylthio, C w 
sikylsulfinyl, C 1h6 alkylsulfonyl, C^ l0 arylthio, Q.^ 
arylsulfinyl, Q_ 10 arylsulfonyl, C^oaryl, C lH6 alkyl 
(Q 10 )aryl, and halo (Q 10 )aryl; 

Z 1 and Z 2 are independently one of hydroxy, 
alkoxy, or aryloxy, or together Z 1 and Z 2 form a 
moiety derived from a dihydroxy compound having 
at least two hydroxy groups separated by at least 
two connecting atoms in a chain or ring, said chain 
or ring comprising carbon atoms, and optionally, a 
heteroatom or heteroatoms which can be N, S, or O; 
and 

A is zero. 




20. A pharmaceutical composition, comprising a 
compound of claim 1, or a pharmaceutically 
acceptable salt thereof, and a pharmaceutically 
acceptable carrier or diluent. 




21. A pharmaceutical composition, comprising a 
compound of claim 19, or a pharmaceutically 
acceptable salt thereof, and a pharmaceutically 
acceptable carrier or diluent. 




22. The pharmaceutical composition of claim 20 
or 21, wherein said compound is present in an 
amount effective to inhibit the proteasome function 
in a mammal. 






THIS PAGE BLANK (uspto) 



CJ 

© 



o 

in 



O 



O 



c 

o 



V) 

© 



a; 

"co 
> 

2 

a 
< 



CN 



i 

m 
o 

00 

O 

o 

Q. 



o 

m 
(N 



i 

m 
o 

00 



CJ 

CO 

£ 

co 

u, 



a 



- 

c 

o 
o 

O 
< 

Q 
Q 



a. 
a. 

< 
Z 



3 
O 
CJ 
CJ 

c 



_ CO 

< -o 

p 3 

cj c 

N 4> 

1 1 

•S CO 

< 2 



0) 
OS 



2 
Q 



co 
C 



o 



c 

CO 



1) 

S 

e 

o 
U 



E 

o 



a. 
E 

CJ 

•c 

t> 

-D 

O 



-J 

CO 
c 

CO 

H 



ej 
.5 



CO 

u 



CO 

> 
0* 



1) 

■£ 

CO 
U 



2 



© 



CO 

c 

(2 



CO 

CQ 



CO 

CJ 
00 



CO 

c 

CO 

H 



-a 

N 
CO 



CO 

o 



cj 



CO 

>% 

CO 



cj 

CO 
r- ■ 
CO 

H 



a. 



cj 
o 

a 



c 

c 
o 
o. 

V) 
t 

o 

a 
< 

Q 



o 

Q. 

CJ 

< 
00 



cj 

CO CJ 

o § 
§8 



CJ 
CJ 



4> 

-a 



o 
a. 



o 



o 
a. 
oo 



cj 

CJ 

S3 
5 

Q. 

oo 
CJ 
i— 

1- 

o 
O 
O 
< 

Q 
Q 



^ d 

co 53 

O 5 

< 5r 

Q o 



o 
Z 



C/3 



cj 



O 
O 
i 



O 

O 
CN 



O 



CO 

O 



O 



o 



> 



o 

z: 



cj 
CO 



CO 



o 



i 
i 



co 
CJ 

o 



co 



"35 

'J 



o 

e 

o 

c 

o 

CL 

c/i 

an 

o 
U 

C/3 
S 

# o 
c 

3 



u 

u 

CJ 

Q 



s 

p 



< 



to 

"co 
> 

3 

CJ 
ft! 



•3- 



00 



c 
c 
o 

3 
<J 

,co 



re 
2 



cj 
re 



CO 
CJ • 



CJ 

c 
o 

-a 

CJ 

-a 
•o 

re 

C 

£ 

E 

o 

u 



CJ 
CC 

c 

CO 



cj 

"re 
> 
o 

D- 

< 



CO 

c 

CO 
CJ 
O0 



C 

o 
o 

T3 



2 



CJ 

-£ 

CO 

O 



VJ 

CO 
CJ 



2 
a. 



c 
o 



£ 
o 
U 



<L> 
CO 

u 



a. 



CO 
CJ 

on 



CO 

CD 

CO 

y 



2 

CJ 



CO 

o 



CJ 
CO 
CO 

H. 



CJ 

CO 

c 

CO 



cj 

CO 

c 

CO 



a 



CJ 

O 



CJ 



< 

oo 



< 
oo 



o 
<— 

o 

5 
a. 

go 
CJ 

fc 

O 
CJ 



o 

00 



1) 
o 

< "5 
p 5 

00 

re O 



s-s 

§1 

^3 CJ 
Lu CJ 



3- <J 

T£ CJ 

§1 



O 



O 



O 



o 



O 



O 



c 
o 

C3 

u 
o 



a 
o 



u 
Q 



H 
o 
u 

fa 



o 
H 



>> 

H 

O 

Q 



o 



C/5 



to 



o 
m 



i 

CO 

o 

GO 



o 

t: 

o 

& 

CM 
i 

? 
i 

cn 
O 

OO 



CO 

> 

c 



^<L> 
T3 

CO 

u. 
(E| 

G 
cO 
<D 
GO 



o 

& 

00 



co 

<N 



o 



to 
*o 



60 

a 

JO 

co 



a 
o 



> 

*> 



< 



PQ 

co 
a> 
oo 



co 



o 
C 

0) 

a 
o 

to 

g 

O 

< 

Q 



O 



to 
to 



CO 



*n 
<N 
i 

^? 

CO 

I 

CO 

o 

00 
t~> 
a> • 

S 

t: 

o 
a, 

S3 
o 

1 



CO 

C 
c0 

H 



-o 
2 

PQ 
a 

cd 

oo 



o 

pi 

00 



co 
o 

■ 

to 



to 
to 



c0 

PCI 

C 
c0 

<u 

00 



CO 



X 

CO 

fa 
< 

a 
fa 



en 
O 



to 
<o 



<u 

CO 

PQ 
a 

CO 
<D 
00 



•J 

CO 



o 
c 

c 
o 
a. 

<U 
fc 

o 
O 

< 

Q 
fa 



CO 

o 

I 

O 



to 
to 



co 
o 
o 



CO 



C 
O 

> 
<-> 

CD 

X 
CO 

fa 

< 

Q 
fa 



on 
C 

o 
0« 



o 

pa 
>^ 

o 



<L> 
— * 

s 

PQ 
c 

CO 

oo 



CO 

s 

I 

w 

<c 

Q 

fa 

o 

CO 

c 
o 
a, 
oo 



CO 

o 

I 



to 
to 



CO 



VO 

Cn| 
i 

ro 
■ 

m 
o 
oo 

x> 
S 

t: 

o 
cx 
<u 

P4 

<D 

D 
■♦-» 

3 

CO 



CO 

>^ 

C 

CO 

H 



CO 

PQ 
a 

CO 

oo 



o 
cx 

P4 



oo 



o 



m 
o 
i 

CN 



CO 

Pu 



a 

c 
o 

a 



c 
o 

c: 
o 
o 



o 
C3 

O 

o 

a 

o 

a. 

o 
U 

G 
O 



S 

i—t 

■ 

CO 

Ah 



c 

o 



u 
u 

Q 



E 
o 



o 
H 



o 
O- 

>> 

H 

o 
Q 



o 



1* 

CO 



€3 



CO 
> 

c 



3 
N 

CO 

PU, 



o 



s § 

< u 

8 2 

o <u 

£ a 



CO 

o 

I 



s 

o 
o 

p 



00 



► 

CO 

<L> 
D 
CT 

Pd 



a 
2 

PQ 
o 



2 
PQ 



a> 



x 

CO 

< 
a 



o 



a 



o 

a 



CO 

t-H 

PQ 



<D 
CO 



S 



CO 

< 

P 



O 



tn 



CT 

a 
o 



cO 
v-. 

PQ 

a 

cO 

oo 



<D 
CO 



X 

CO 

< 

Q 



en 
O 
i 

o 
m 



to 



PL, 

a 

bo 

a 

CO 

U 



c 

s 



<N 
O 

8§ 

2 3 

O ro 



ID 

CO 
>> 
G 

CO 

H 



NI 
CO 
Oh 



CO 

o 



ON 

VO 



o 

I 

O 
cn 



tn 



O 
i 

oo 



> 

CO 

-o 

X 

CO 

< 
p 

O 
-»— > 

CO 

o 

Pi- 
co 



c 

o 

PQ 

-a 
o 



CO 

a 

CO 

oo 



X 

CO 

o 

CO 

C 
O 

oo 



CO 

PU 



00 

.s 
u 

CO 



o 

c0 

c 

CO 
<L> 
00 



a 
o 
O 



CO 
CO 

H 



o 
C 
<u 

C 
O 
CX 
oo 

£ 

O 

u 

< 
p 



O 
i 

oo 



O 
i 

oo 



a 
o 

ca 
o 
o 



tO 



0> 

a 

O 

o 
a 

o 

a 
o 

a» 

u 
© 
U 

c 

s 

CO 



i 

Cm 



o 



o 

V) 

Q 



to 

as 
-1 



E 
o 
I* 



S 

PCI 

c ■ 

cd 
co 



o 
H 



a 

>» 
H 
o 
o 

Q 



o 



u 

o 
CO 



a 



a 

cd 

H 



o 
a 
<u 

c 
o 
cu 

CO 

g 

o 

< 

Q 



o 
■ 

oo 
CN 











ts 












l_ 




a> 




^> 




o 




o 












.3 




bO 




"C 




o 








-S 


^\ 
r- 


a 


c- 
m 




i 


§ 






i 


S02 






o 

s 


ro 
O 


Se; 


i 

Tj- 

<N 


fying 


on 4- 


-«-» 

o 


-♦-» 
a 




<o 



tO 

to 



E 

cd 
c 

cd 



03 

pq 
a 

cd 
CO 



cd 
i 

t: 

o 

P4 

58 

GO 



<N 



O 
• 

OO 
CM 



to 
to 



CO 
CN 



ro 
i 

co 
O 
CO 

<u 

a 

t: 

o 
cx 

<u 
u< 

3 

O 
cd 



cd 
>, 

cd 
H 



•a 

cd 

c 

cd 
CO 



t: 
o 
a. 

% 

CO 



oo 
VO 
CN 



CO 

O 
■ 

oo 
CN 



to 



oo 

CN 
CN 
i 

■ 

CO 

O 
CO 



;3 CO 

o ^ 

P. CN 

<u o 

P^ CO 



o 
o 
o 

I 

«— I 

ro 
■ 

m 
o 
oo 



cd 

d 
cd 

H 



cd 

S-i 

CQ 

G 
cd 
<L> 
CO 



t: 
o 
a, 

P^ 

S! 

CO 



CN 



CO 

O 
i 

CN 



X 
4> 
T3 

a 

O 

a 
o 
a, 

a> 
u 
u 
© 

U 

</> 
a 
o 

£ 

(/) 

I 

CO 



c 
o 

a 
o 



C 

o 



I* 
o 

Q 



o 
u 



o 
H 



H 
o 
o 

Q 



o 
Is 

CO 



Q 



CO 



CO 
CO 

w 

GO 

s 

Q 

o 

S3 
O 

03 

.52 S 
60 p 

^ .§> 
cx o 

< o 



Q 



a 
o 

t-i 
PQ 
>> 



VO 

<N 
< 

Q 



o 



CO 

o 



to 
<N 
O 

-a 

3 

on 
04) 



CO 

a 
o 

CO 

o 

t3 
o 
6 
<u 

00 

O 
O 



CO 

CQ 
a 

CO 

00 



CO 



CO 

< 



o 



** 1 

<N 
O 

3 

00 



CO 
(U 

cr 

a 
o 



<D 

2 

CO 
<L> 
00 



CD 

CO 

C 
CO 

H 



X 
CO 

< 

Q 



o 



-o 
c 

CO 

>, 

oo 

-2 
*o 
o 

c0 



CO 

-a 

*C0 

o 



3 c 
o o 



c0 

CO 

OO 



CD 
CO 

>, 
a 

CO 

H 



CO 

<c 

Q 



o 
i 



o 

m 
O 

CO 



O 
o 
o 

2 



E 
a 



o 
u 

2 

2 
pu, 



<d 

CO 

>> 
c 

CO 

H 



-a 

M 
CO 
Oh 

1 

O 

"c5 



c 

CD 

s 

c 

<D 



o 

O 

o 



Oh 



VO 

VO 



m 

o 
■ 

VO 



O 
O 
CM 



4> 

3 

CD 
O 

cu 

Q 

S 
o 
»*- 



3 

3 
S 

bo 
.3 

■♦— • 



-2 
2 

PQ 

ca 
00 



CO 

c 

CO 

H 



X 

CO 

IX, 
< 

Q 



o 















CD 




z 








c 




CO 








o 








O 








Q 












o 




4— » 




CO 




CD 




cjO 




r+ 
»— » 




CO 








r ) 


• 

c 




o 


«-* 




d 


-t— • 

c0 


CD 
g 


g 


-3 




CD 


»— 1 


3 






o 




■•— * 




CO 


o 




o 




o 






CD 


2 


> 




t— i 



VO 
<D 

CO 
Oh 



<D 
»— ] 
CO 



a 

CD 
O 



^3 

M 
CO 

a* 

1 



VO 



CO 

o 



c 

0 

03 

o 



to 



o 
Z 



G 

o 



cr 



CO 



<L> 

a 
o 

a 

a 
o 
& 

0> 

Jm 

Sh 

o 
U 

53 
O 



S3 

CO 



a 
o 



1m 

o 

CO 

Q 



o 



a 
o 



cr 



o 
O 

O 

s 



>> 

2 

PQ 
G 

cO 

co 
go 



o 



o 



g 

pq 

c 

cO 
00 




CO 

c 

CO 

H 



o 

CO 
CO 

O 



CO 

G 
O 



<D 



g 
o 
PQ 

TD 
O 
1> 



o 

f C0 

c*-< 
C 

CO 



t: 

o 
a< 
a> 

CO 

-a 
i 



CO 

O oo 



-J 

CO 

G 
CO 

H 



CO 
CD 

cr 

CD 

g 
o 



<2 
a 

t-H 
I 

o 
o 



JD 
-a 

CO 

G 
CO 

<L> 

oo 



CO 



CO 

a> 

cr 

<u 

oo 

.s 

<D 



G 

o 

PQ 

>> 



g 
o 
-o 
^G 
g 
o 

a 



i 

CO 



o 
H 



c 

o 

PQ 

-a 
o 

s 



CD 

CO 
>> 

g 

CO 

H 



u 

N 

CO 
Oh 



CO 

o 



CO 

PQ 
c 

CO 
CD 
GO 



CO 

PQ 
a 

cO 
CD 
00 



G 

o 

>> 
-a 
o 

U 



Cl) 
CO 

1- 
PQ 

oo 



a 

H 

o 
o 

Q 



o 



C3 



x 

cO 

Q 



m 
o 



CO 

< 

Q 



m 
o 



vo 

CN 



o 



CO 

s 

< 
Q 
u, 

Vh 

O 

CO 

G 
O 
CX 
00 



CO 

o 



o 

5! 

oo 



CO 

VO 
CN 



CO 

o 



CO 

< 

Q 



CO 

o 



CD 

o 
G 
<L> 

td 

G 

o 

CL 

CO 

<D 

t: 

o 

< i 
p ? 

(X, <u 



o 
G 



c0 
O 
■*— • 

CD 
O 
CO 



CO 

s 



CO 

o 



c 

o 

o 



a 
o 



1h 

o 

on 

Q 



S 



to 

cr 

a 
o 



c2 



cr 



co 
a 
o 

-3 

co 



cr 
o 

-«— » 

<d 



<2 

Pi 



o 

S 

o 



C3 



CO 
CO 

■*— < 

CO 
Ph 



oo 

<u 

cr 
<u 
Pd 

o 



<2 



t: 
o 
cu 

8 

3 

O 



t: 

o 

u. 

CO 
CO 

>v 
co : 
-o 

I 



Ct, co 
o o 



co 



to 



o 



CO 

o 
.5 
u 



co 



oo 
00 

CO 



o 



CD 

cr 

CO 

-4— > 

CO 

*C> 

a 

CO 

P-< 



o 



CO 

V-h 

PQ 
c 

CO 

<U 
OO 



CO 

v-. 

PQ 
a 

CO 

00 



co 

PQ 
a 

CO 

oo 



CO 

a 

CO 

H 



CO 
u, 

PQ 
a 

CO 

oo 



co 
CQ 
ci 

CO 

oo 



CD 
CO 

PQ 
c; 

CO 

oo 



a 

C 
O 

O 



o 



CO 

l-l 

CO 
C 

CO 

H 



•J 

CO 
CO 

H 



CO 

c 

CO 



2 

PQ 

CO 

a> 

00 



CO 
CO 

H 



•J 

CO 

9 



CU 

CO 

C 
CO 

H 



cy 

a 

H 
o 
Q 

Q 



o 

CO 



03 

Q 



CO 

< 



co 
o 



CO 

< 

Q 



co 
o 



CO 

Q 



CO 

o 



C 
o 
a. 



oo 



<N 
VO 
CM 



CO 

o 

f 

CO 



X 
CO 

PL, 

< 

Q 



CO 

o 



X 
CO 

< 

Q 



CO 

o 



X 

CO 

< 

Q 



CO 

o 

I 

VO 



o 



CO 

o 

<u 
o 

CO 

E 

CO 

PL, 

S 
0 



C3 

o 

O 



ro 
vo 



C 

o 



2* 

o 

G 



c 



CD 



a 

o 

3m 
fa 



-J 
CO 

a 

cd 



o 
H 



c 

cd 



Q 



H 

O 

Q 



o 



eg 
Q 



co 
o 



CO 

VO 



o 
P4 
o 

CO 

O 

*C 
cd 
> 



CO 

G 

O 
• f-^ 
•i— • 
cd 

-2P 
o 



CO 



cd 



:=> 

cd 
Pu 



cd 
cd 

5 



o 
a 

CD 

g 
o 
cx 

<u 

fc 

o 
CJ 



co 
o 



<N 



o4 

o 



G 
o 

<u 

=3 



O 

-S. 

1 
o 



G 

o 

CO 

CD 



CO 

PQ 
a 

cd 
<u 

CO 



CD 

•J 

cd 
>> 

g 

cd 
H 



x 
cd 
Uu 

< 
P 



co 
o 
t 

<N 



co 
vo 



ca 



O O- 
>7 P 



O 



<£ o 

G £ 
cd ^ 

f ^ 

5 J. 

cx, 

u CO 

*s 

CO 



cd 



. ^O 
co vo 
O CO 

Z J. 
1- ^1- 
2 *? 

f ca co 
G ° 

o 



.5 
o 



co 
i 

CO 

o 

CO 



co 



CD ° 
£ CO 



cd 

cd 

G 
cd 
H 



cd 

PQ 

G 
cd 

<L> 
CO 



o 

3 



On 
vn 
CM 



m 
o 
i 



CO 
vo 



-a 

G 
cd 

CO 

G 
O 

cd 
u 

"a. 
a, 

cd 



O . 

<u « 

o G 

G .2 

<U G 

O * 



co ^3 
oo QJ« 

"rt CD 



Oh K 



CD 
►J 

cd 

C 
cd 
H 



-a 

N 
cd 



cd 



CD 
O 
G 
<D 

C 
O 
CX 
co 
CD 
fc 
O 

U 



o 

vo 
<N 



m 
o 
■ 

<N 



c 

CD 
> 
CD 

4-* 

CO 



e 

o 



CD 

CO 

3 



CD 
O 



cd 
< 

a 



cd 
PQ 



CD 
CO 



c 

o 
PQ 

o 

*CD 



o 

G 
CD 

-a 
c 
o 
cx 

co 
CD 
fc 

o 
CJ 

< 
Q 

(X, 



o 



<N 



m 
vo 



ON 
CD 

cd 



G 
O 



S 



G 
O 



O 

CD 



CD 



bo 



cd 
W> 
CD 

cd 



cd 
CO 

d 
o 
Q 
o 

*G 
O 
» 

o 
W 



c 
o 
PQ 

o 



x 
cd 
(X, 

< 
Q 



CO 

o 



G 
CD 
X) 

<G 
G 

o 

o 



o 
G 



cd 
o 

• 

CD 
O 
cd 



cd 



CD 

*5 



c 

a 
ci 
o 
iJ 



X 
<1> 

G 

<U 

a 

a 
o 

a, 

<U 

u 
u 
o 

V 

a 
o 



£ 

CO 
i— ( 

CO 
■ 

CO 
Ph 



c 
o 



u 

CO 

cu 
Q 



o 



o 
H 



in 



<U 



CO 
>» 

a 

co 

H 



o 



a 

>> 
H 

o 
o 
Q 



o 



In 

on 



CJ 

a 

c 
o 
cx 

CO 

o 
CJ 



O 



CN 



CO 
00 



a> 

> 



c 



a 



o 
o 
o 

s 

Oh 



CO 

> 

a> 
C4 



J-H 

N 
CO 

cu 

1 

5 



cn 



O 
• 

O 
<N 



co 



o 
c 



o 
.cd 

c 

CO 



CO 

t: t- 

o ^ 
CX<? 

* <N 

O CO 

^° 

•3 9 



CO 

CO 

H 



cq 

a 

CO 

CO 



o 

(X 

CO 
CO 



CO 



CO 

o 

I 

O 



<N 



CO 

*o 
3 

O 
C4-4 

a 

CO 



-*-» 



O 



CO 

a 

CO 
CO 



s 

>» 

o 



X 

CO 

< 

Q 



CO 

O 



CN 
VTi 



a 

CO 



cu 
-J 

CO 



CJ 

u 
c 
a> 
-o 
c 
o 
cx 

CO 
CD 

fc 

o 
CJ 



m 
o 



CN 



o 
*> 

DA 

.a 



Q 



CO 
Ph 



o 
Q 



CO 

9 



CD 
O 

a 

c 
o 
cx 

CO 

b 

o 

0 



o 



<u 
c 

CO 

cu 

X 

w 

"o 
o 
o 



CU 



00 
c 

CO 

CJ 



o 
00 

CO 



6 

^ S 

II 

O co 
O o 

Ah < 



CO 

a 

CO 

H 



c 

c 

o 
O 



3 

N 
CO 
Ah 

1 



CN 



O 



o 



CO 

o 
o 

CO 



CO 

s 



e 

.2 

m 
o 
o 



C 

o 



u 

CO 

o 
Q 



o 



o 
H 



cm 



co 

cq 
a 

cO 
CU 
00 



cu 

•J 

CO 

g 

cd 

H 



o 

a 
>> 
H 
o 
o 
Q 



o 



on 



C3 
Q 



X 

CO 

< 

Q 

pu 



m 
o 



CM 

uo 



cu 
o 
G 

2 
p 

co 
00 



O 

f— I CO 

• CD 

2 > 

g cu 

4> GO 



<U <D 

§1 



G 
O 

CQ 

-a 

o 



bX) 

CO 



00 

a 

CD 

O 



cu 
o 

G 

CU 

-a 

G 
O 
CX 

CO 

CU 
fc 
O 



CO 

o 



CM 



CU 

H 
oo 
G 



o 
o 

Q,On 

d co 

S ^ 

CU ^ 
3 CO 

a* « 

3 CO 



52 oo 

CO <U 
G <L> 



T3 
CO 
V- 

PQ 
g 

CO 

<u 
oo 



CU 

-J 

CO 

g 

CO 

H 



X 
CO 

< 

Q 



co 
o 



CM 
*0 



CO 
00 



CU 

> 
c 



g 

<L> 

s 

G 



O 

o 
o 

•4— » 

o 

Oh 



CO 
> 

c 

<D 
Pd 



N 

CO 

CO 

O 



<u 

s 

g 

CU 



o 
o 
o 

o 

CU 



*o 
»o 

CM 



CO 
O 



CM 



CO 

T3 
t 

f— • 

;n co 

S o 

CO vo 
co 

^ CO 
• O 

«— « 

co ^ 

s? 

on ^ 

—i XT 
CO CO 

- G <N 

CO 

a 



CO 



2 £ 



CU 

-4 

CO 

>> 

C 
c0 

H 



CU 
CO 

PQ 



CU 
GO 



t: 

o 
a, 

<u 

P^ 
oo 



CO 

o 



2 

CU 

> 
-S 



c 
o 

'■*-> 

CO 

o 

"a, 
cx 

CO 
too 
S 

CU 



CU 

c0 
1-1 

PQ 

CO 

<u 

GO 



CU 

-I 

CO 



X 

CO 

< 

Q 

a, 



CO 

o 



T3 

2 

CO 

On 

CO 

O 

CO 

co 

s 

co CU 

o ^ 

^ CO 

W)ro 
-S o 
O 
CU cm 

CU 

S 

CU ^ 

u g 

■3 £ 

o . 

^ o 

CU O 

& o 



CO 

PQ 

G 

CO 

<u 
oo 



CU 
CO 

>, 

G 
c0 

H 



x 

c0 
PU 

< 

Q 



CO 

o 

I 

oo 

CM 



00 
cO 
CU 



.2 
» 

a 
cu 
•a 

G 

o 



o 
G 



co 
o 

cu 
o 

CO 



X! 
CU 

a 



c 

o 

03 
<J 

o 
■J 



o 



O 

c 



C 
O 



J3 .2 



o 
u 



CO 

cd 

H 



c 

s 

o 



o 
H 



3 

M 
CO 



CO 



N 

co 

PL, 

1 

o 

2 



a 

H 
o 
o 
Q 



o 



03 

Q 



4) 
O 

c 
<u 
-a 

G 

o 
a, 

CO 
<D 

t: 
o 
O 



co 
o 

I 

oo 
CN 



o 



<N 



O 



o 
o 
o 



00 
C 

CO 
.G 
O 



c 



<u 



o 
o 
o 

2 



co 

CO 

H 



-a 

N 
CO 



CO 

2 



C 

6 
a 



o 
o 
o 



OO 
CM 



CO 
O 



<N 



CN 



oo 

a> 

GO 

c 

CO 

CJ 

C 

CO 

*o 
a 
O 



(X, 



CO 



> 

a 



<L> 
CO 

c 

CO 

H 



-a 

N 
CO 
PU 



CO 
.G 

o 

2 



c 
S 

G 



o 

CJ 

O 
O 

fx, 



On 



o 



o 
c 

<u 

CO 

4> C 
^ O 

2 *w 

ry-i 



CO 

a 

CO 



3 

N 
<0 
Ph 

1 

-G 
O 

2 



o 
G 
<u 

TD 

G 
O 

a, 

CO 

h 
o 
CJ 



o 

CN 



CO 

o 
r- 

CN 
i 

CN 



O 



cr 



« 
G 
O 

CO 

P^ 



^3 

CO 

PQ 

G 
CO 

oo 



G 

2 



X 
CO 

< 
P 



m 
o 

VO 
CN 



O 
to 



CN 

G 
O 

< 

Q 

o 



o 

G • 

& ° 

o ^ 
o ? 



CN 

<D 
OO 
CO 

CU 



4> 



PQ 

G 
CO 
(D 
CO 



G 

-a 

G 
O 
CJ 



G 

o 

PQ 
>> 

*o 
o 



o 
G 

(U 

-o 

G 
O 

cx 

CO 

t 

o 
O 



m 
o 
■ 

vo 

CN 
CN 



O 
G 



CO 

o 

-♦— » 

o 

CO 



CO 

pu 
S 



c 
o 

« 
U 

o 

-J 



c 

O 



o 

cn 
<D 

Q 



a 

o 
u 

fa 



o 
H 



vi On. 
O CO 

O «? 

CX CN 

00 



co 

CN 

■ 

co 
i 

CN 
O 
OO 



a, 

H 

o 
Q 



o 



CO 



Q 



o 



o 
a* 



oo 



o 

OS CO 

o rn 

t i 

» — » »— i 

co co 

i * 

CO <N 

O O 

00 CO 



CO 



2 
PQ 

§ 

00 



t: 
o 
ex 



00 



CN 



CO 
O 
i 

VI 
CN 
t 

CN 



O 
uo 



cn 

CO 

<L> 
00 



co 



x 

CO 

< 

Q 



CO 

o 



CN 
* 

CM 



• 



o 
on 



a 



Q • 
Pl, 

CO 

o 

tic 
<N 

<2 

CO 

a 

o 
• i—i 

■4— » 



CO 

to 



CO 

PQ 
oo 



< 
Q 



CO 
pL, 



m 
o 



o 



G 



co 
o 

c0 

1 

(X. 
<N 



a 
.2 

to 



CO 

CO 
CO 



2 
a 

CO 
CO 



o 

<L> 
TD 
C 
O 

a, 

CO 

<u 

t: 
o 
O 



CO 

o 



CN 
t 

CN 



o 



CO 




O 












O 




ex 




4> 




rv' 


r- 


u, 


ON 


<u 
u, 


CO 


s 


I 


o 






CO 

■ 


D 


CN 




O 


c0 


00 




*J 


cn 


o 


t: 


oo 


o 


o 


cx 


• 








CO 


9 


1 

CO 




o 


CO 


oo 



-J 

CO 
CO 

H 



2 

PQ 
c 

CO 
O0 



t: 
o 
a, 

oo 



CN 



CO 

o 
o\ 



CN 



o 

«iO 



ON 

CO 

o 



CO 



•c 

o 
C 



o 



CO 



CO 

CO 

CO 



Q 



X 
CO 



CN 



CO 

o 

I 

ON 



CN 



O 



CO 
CO 



c 
o 



> 

5 



o 
o 
o 



PL, 



o 
a 

CO 



<L) 
CO 

a 

CO 

H 



mi 

o 
U 



2 

PQ 

C3 
CO 
<L> 
OO 



Q 

PL, 



X 
cO 
PL, 



VO 
CN 



CO 

o 

t 

On 



CN 



c 
o 

o 



X 
o 

c 

o> 
u 
C 

cu 

fl 
o 

CO 

<U 

Sm 
O 

U 

CO 

G 

O 

CO 



CO 

■ 

c/) 



o 



c/j 

Q 



E 

o 



o 
H 



ON 
"3- 



On 

o 

d* 
o 



a> 



on 
O 



co 



2 



0) 
CO 



a. 

H 
u 
o 
Q 



o 



cy 
CO 



C3 

Q 



o 
c 
<u 

a 
o 

Cu 

OO 

CD 

t: 
o 
O 



m 
o 



<N 



00 IT 
O <? 

o o 

C4 00 

h °° 
2 co 

a ' 

,03 II 

§ g 

S 00 

" oV 

U oo 
o o co 
Cu ■ _v 

t2 ^ ^ 

" ro co 

^ co 

< o o 
oo oo oo 



<D 
CO 



(Xt 

c 

CO 

oo 



o 
Cu 
<D 



OO 



co 
o 



on 



c0 
00 



4) 
-I 

co 
>> 
a 

CO 



3 

N 
CO 

a. 



o 



s 

c 



c 
o 



c 



co 
CN 



co 
O 
■ 



On 



cN 

o 

3 
oo 



o 
o 

< 

a, 
x 
W 



-o 

CO 
c 

eg 
CD 
00 



CO 



X 
cO 

< 

Q 



co 
o 



Os 



a) 

w 

o 
o 

u. CQ 

2 7. 

d o 

.SP 3 
w .2? 

> « 

^ g 

E <u 

« J 

ii 

2 



cd 
> 

C 



3 
-o 

M 
(X. 
TD 

V-i 

CCJ 

o 

2 



^1- 



CO 
O 



U 2 

• ca 

C »— • 

§1 

p CCJ 

00 p 

1 s 

•II 



« > 2 

£ O PQ 



X! 
oo 



O 



<L> 
O 

c 
a> 
-o 
c 
o 

Cu 
oo 

t 
o 

O 



o 
■ 

vo 
i 



On 
-3" 



O 
O 
<N 

CM 

CO 

5 



o 
oo 

bO 

-S 

cu c 
^ Cu 

^ ° 

Q «n 
< S 



to 

rj 



<L) 

CO 

PQ 
a 

CO 
<U 
00 



•J 

CO 



X 

CO 

<c 

Q 



ro 
O 



a 
-a 

c 

o 



o 
c: 



CO 

o 

CD 

o 

CO 



CO 
Xi 
Cu, 

B 
3 



c 

o 

« 
o 



© 



o 
o 
Q 



o 

fa 



o 
H 



ON 



o 



Pu, 

CO 

o 
13 
> 



2 
a 

CO 
00 



<D 
CO 

a 

c0 

H 



a 

H 

o 
Q 



o 



CO 



X 

CO 

< 

Q 

Us 



o 



ON 



CO 

C 

o 

To 
op 

«— » 

CO 

> 
C 

o 

a 

.S 
o 
oo 



c 
.2 

CO 

s 



as 



CO 



X 
cO 

< 

Q 
fa 



o 



O 



o 
o 

< 

a> 
*o 
a 

cO 

a, 

X 

w 



PQ 



(L> 
00 



•J 

CO 

a 

CO 

H 



x 

CO 

< 
a 

fa 



CO 

o 



c 
o 



s 

00 



CO 

P* 



CO 

c 

CO 

H 



CO 

c 

CO 

oo 



X 

CO 
fa 



CO 

o 

I 

oo 



CO 



4> 

c 
o 

o 



oo » 



^ o 

"CO ^ 

is & 

«*4 



2 



•J 

CO 

CO 

H 



CO 

PQ 

CO 

a> 
oo 



t: 
o 
ex 



CO 



o 

CN 



o 

1 

oo 
<N 



oo 



oo 

Q 
• — i 



CO 

O 

a 

a 

o 

-*— > 

CO 

o 



c0 



o 

.S 

Q 

d 
o 



O 

a 

<u 

G 
O 

cx 

CO 

e 

o 
O 



oo 

CO 



o 

2 



CO 
OX) 



a> 
c 



c 

s 

-a 
c 



a 
o 



c2 



CO 

CO 



T3 

a 
o 
O 



CO 

o 



N 
CO 

PL, 



CO 
O 



a 
I 

4> 



c 
o 



<2 



Ox 



O 
i 

04 



CO 

o 
o 

CO 



CO 

43 

Oh 

s 

3 



c 
o 

cd 

u 
o 



o 



In 

o 
Q 



S 

o 



o 
H 



>> 
H 

o 
Q 



o 



CO 



oo 



CO 

cd 
> 
cd 



03 

cd 

Q 



E 

CU 
-*— » 

.2 
o 



cd 
o 

2 
G 

o 

co 

2 ^ 

i £ 



o 
o 
o 

O 
O 



o 
o 

3 
O 
<u 
a 

cr 
o 

03 



c 
<u 
-a 
a 
o 

CL 

<u 

t: 
o 



co 
O 



CO 



c 

»— I 

O 

s 

o 

c 
cd 

a 



£ s 

CO 

*& s 
o s 
o ^ 

•o cu 



o 
PQ 

o 



cd 

CO 

c 
JU 

E 



CO 

"a. 

o 
(J 

12 



m 
o 
i 

co 



CO 



ca 

K 

la 
c 

cd 
O 

o 

c: 
o 

*«-» 

o 
o 
a. 



cu 

a, 
2 

CO 

o 

c 
cu 

Uc 

cd 



2 

>> 

O 



cu 
o 
c 

<U 

a 
o 
a, 

W 

b 
o 



co 
o 
i 

<N 



CO 



o 
o 

a 

<u 

S 

c 
cu 



o 

cd 

<2 
a 

U 

u 

cd 

"cd 
o 

o 



cu 

cd 
>^ 
G 
cd 
H 



3 
id 

N 
cd 

1 

o 

2 



0> 

"a, 
o 
o 

CO 

Q 



co 
o 



CO 



CU 

3 . 

cd ^ 



CO 

t: 

cu^J 



co 
O 
CO 



9 2 

cd < 
i O 

, , CO 

cd O 

.2 t: 

H d4 



cd 

cd 
H 



cd 



CO 



o 

Pi 



cd 

CO 



CO 

m 



CO 

o 

I 

CM 



CO 



o 
o 

CO 
VO 
«— < 
I 

<N 

o 

■*-* 
CO 

a> 

cr 
a> 

c 
o 

• 

CO 

cU 

Q 
S 

O 



cd 

53 

CU 



CD 



cd 



CU 

o 
a 

a 
o 
cx 

CO 

CU 

o 
O 



CO 

o 



oo 



o 

cd 
CU 



vo 
(N 
O 
i 

CO 

t 

CO 

o 

CO 



cU 
cd 

a 

cd 

H 



a 
-a 

a 
o 



2 

(L> 
CO 



t: 

o 

Pu 

cd 
CO 



r- 
co 



CO 

O 



4> 

a 

<u 
o 
G 
a> 

a 
o 

a. 

«5 * 
O 

Jm 

J-t 

o 
U 

O 



JO 

■ 



c 
o 

o 



o 



u 

o 

CO 

Q 



S 

o 

to 



o 
H 



CO 



c 
o 

co 
o 

o 
o 

CO 

VO 



O 
to 

CD 

G 
or 
a> 

fX 

a 
o 

ca 
g 

Q 
c3 

o3 



43 
u 
co 

> 

•c 

(X, 



co 



a 

H 

a 
o 

Q 



o 



o 
CO 



CO 



co 
o 

VO 



CO 



CM 
O 



o 
o 



Pl, 
G 

00 

To 
o 

Is 
o 



CO 



G 

X) 
N 
CO 

(X, 



cO 
43 

o 

5 



o 
o 
o 

s 

CL, 

c 

co- 



co 

8 
H 



VO 

CO 
CM 



CO 

o 



• 



CM 
O 
VO 



CM 
3fc 



CO 
-O 

e 

G 
a 



CO 



CO 

O 
O 

n 
'o 



CO 

a 

CO 

oo 



x 

CO 



co 
o 



S § 

<i 

Q 

CO 
■*-* 

~, a 

bfl G 

.3 £ 

N co 

o ^ 

43 w 

-g 



CO 

a 

CO 

H 



G 

N 
CO 
PL, 



CO 
43 

a 

5 



o 
G 

<u 

G 
O 

a. 

CO 

6 

o 
O 



a 

co 

O 



co 
CM 



co 
O 



•3 S 



<N 



o ^j- 

> CO 
\' I ■ 

o h M 
00 * o 
VO 00 

\g ^J- «y 

"S — « 

CO • • 

• • 

C"*- rn ro 
g CM <N 
O 00 00 



CO 

CO 

H 



CO 
u 

a 

CO 

a> 
oo 



o 

d> 
PS 



CO 

00 



CO 

CM 



m 
o 



o 

C*-t 

C — 
CO VO 

O cm 
00 ro 



in 



CO 

■ 

CM 
p 00 

I 

> CO 

IS 

§ a 



CO 



CO 

PQ 
a 

CO 
<D 
00 



CO 

t: 
o 
cx 



CO 

00 



CM 

m 

CM 



CO 

o 

I 

On 



CO 
PU 



CO 

-2? 

CO 

CD 
> 

-o 

G 
CO 

"o 
o 
o 

2 
a, 



CJ) 

G 

CO 

u 



CO 



N 
CO 
Oh 



CO 

u 



c 

tG 
C 

o 
CJ 



CO 
CO 
CM 



CO 

o 



c 



CO 

o 

G 
<u 
o 

CO 



CO 
43 
IX, 

s 

G 



c 
.2 

C5 
O 

o 



o 



J-i 
Q 



o 



o 
o 

.9 

G 
O 



S 

CO 



o 



2 
PQ 



CO 



53 



.13 
o 
cd 



0> 

a 

H 
cu 
o 
Q 



o 



u 

CO 



o 

2 
g 
o 
U 

o 
G 

CU 
(30 

< 



m 
o 
■ 

vo 



a 
<u 



x> 
co 
» 

CO 
CU 

CU 



CO 
CU 

g 

cO 



° g 
>> o 

o c3 
o c 

E .3 



c 
o 

PQ 
>^ 

O 

s 



g 

CO 

2P 

CO 



g 
JU 

w 



cu 

_) 

o 

o 



co 
o 



vo 



O 



g 
o 



CO 



c 

2 
en 



o 



g 
o 



e 

CO 



CO 

o 

I 

CM 



co 

CO 
Oh 



"cL 
o 
U 

o 

g 
o 



to 

o 
a. 



as 
*-» 
cd 

PQ 



G 
ca 
CO 

- 

CO 

a 
W 

to 



o 
S 
c 
o 

o 
g 

CU 
CO 

< 



co 
o 

<N 



<N 

t-. 

<D 
X» 

S 
cu 
o 
cu 

Q 

G 
O 
CO 

.a 
*— » 

CD 
CU 

6 

S 
o 



to 
CU 



G 



CD 

.s 

«— » 



og 

W CM 



CO 

9 



s 



CO 



CD 

-S 

CO 
<L> 



CO 
<N 



CM 
O 



CM 



CO 

*-* 

to 

w 

iG 



c 
6 

G 

CU 



2 G 

i § 



G 

2 

PQ 
o 



CO 

PQ 



cu 

CO 



o 
c 

0) 

-o 

G 
O 

cx 

CO 

fc 

o 
CJ 



G 

cu 

a 



o 
i 

o 

CO 



•a 



CM 

o 

CO 



o 

t: 

o 
a. 



3 
o 

S °o 

,2 o 
S J. 

<o o 

— CO 



4> 
CO 
CO 



CO 



G 

<D 
X> 

tG 
G 
O 

U 



JU 
CO 

l-H 

PQ 



CO 



t: 

o 

PE^ 



CO 
CO 



o 

CO 
CM 



CM 
O 
i 

o 

CO 



a 
o 

%-* 
C3 
O 

o 



o 
o 

a * 

CD 

d 
o 
o< 

CM 

o 
U 

d 
o 

V3 



a 

i— ( 
I 

CO 



S3 
o 



o 



E 
o 
u 



o 



a 

H 
a 
o 

Q 



CO 



03 
P 



m 

CO 
I 

o 
co 

ai 
O 



O o 
a. 2 
<u ^ 



i 



co 
i 

<N 
O 
CO 

*J 

»0 
CO 



O 
CO 



co 

a 

cO 
H 



CD 

2 

00 

a 
co 

CD 
CO 



CO 

t; 

o 
cx 



CO 

00 



On 
CM 



<N 
O 
■ 

vo 

<N 
i 



e 

a> 
<u 

o 

CO 

D 

s 

Q 



<D 
CO 

G 
co 

H 



3t 
Q 

CD 
O 

CO 

I 

X 
to 



O 
i 



CD 
CO 

C . 
O co 

~ S 

co O 

.£? « 

4-> CO 

CO ~ 

« B 

^ CO 

o w 

<u 2, 
o cr 

<L> to 

o « 

~o 
■«-» co 

< c 
Q -2 
u< to 

60 .Si 

-So, 
o ^ 

3 E 



<u 

cO 

a 

CO 

H 



3 

N 
CO 



x: 
o 

2 



CD 
O 

a 

<u 

C 

o 
a- 

CO 

g 

O 

O 
lo 

a> 
c 

cd 

a 



<N 
O 
* 

t 



<N 

m 

O 



o 
o 
o 

s 

Oh 

s 
s 

60 

o 



CO 

u 
o 

< 

T3 co 

W co 



•J 

CO 

c 

cO 

H 



3 

N 
CO 
Oh 



X! 

o 



60 
O 

Cl, 

to 

CO 

<u 

O 
O 

< 

a 

c0 
(X 
X 

W 



oo 

<N 



CN 
O 



<N 



CN 



CO 

cr 



a 
o 

CO 

co 

0i 



a 

o 

CO 
>> 

o 



-a 

N 
CO 
CX 

-s 

CO 

o 



cr 

o c 
^ o 

o S I 
a, g 

CO ,<-> 



<N 
<N 



CM 
O 
i 

O 
<N 
t 

<N 



« 

O 
CO 

6 

z 

t: 
o 
a 



S 
o 

a 

CO 



CO 



CO 
CO 

H 



c0 

PQ 
a 

CO 

<u 

CO 



o 
cx 
cu 

CO 
CO 



CM 
<N 



O 



<N 



0\ 



CD 
00 

CO 

fX 



I 

<N 
O 
CO 

6 
t: 

o 
cx 

cu 

Pi 



2 



CO 



CO 
CO 

H 



a 
o 

a 
o 
O 



ju 

s 

c0 

co 



t: 

o 
cx 

CD 

>^ 
■«— • 

.cu 

CO 
CO 



O 



c 

o 

C3 

o 
o 



c 

o 



In 

o 



£ 

o 



o 
H 



a 

>> 
H 

o 
Q 



o 



CO 



vo 



CM 



co 
■ 

<N 

O 

6 

t: 

o 
cx 
°3 



J- 
3 

O 
,Cd 



cd 



•J 

Cd 



CO 

PQ 



CD 
O0 



O 

cx 

OS 
■«— • 

<+_| 

CO 
00 



<N 
CM 



CM 
O 
i 



CM 



vo 



S 



cr 

c 
o 



.3 



go 
C 
O 
CX 

CO 



o 

O 

s 



3 

cd 
(X, 



cd 
o 

s 



c2 



00 w 

O ^ 

« cr 



<N 
CM 
CM 



CM 
O 



CM 



o 
<*$ 

m 
o 

"o 
o 

o 
> 

o 

Oh 

-S 

<u 

60 

c 

cd 
-d 
O 



cd 

60 



> 

<L> 



CO 

*cd 
> 



NJ 

cd 
Oh 



cd 

jc 
a 

5 



CO 

cm 

CM 



<N 
O 
i 

VO 



CM 



&o 
e 

e 

o 
a 

3 

a> 



00 



ca 

t: 

a, 

c « 
o 

w c 

S G 

cr i 

g.i 

CO 

O w 

-e 

&< 

CO X 

Pi 2 



jl> 

T3 
cd 

PQ 
a 

cd 
oo 



cd 

a 

cd 

H 



cd 
< 

Q 



<N 
O 



<N 



<D 

a 

a 

<4-C 

a 
o 

o 

*~3 
H 

U 



2 

PQ 

CJ 
cd 
<u 
00 



o 
PQ 

•a 
o 

!2 



x; 

cd 

< 
P 



<N 
O 



VO 



cd 
o 



•5 cm 



S 
a> 

a 
o 

< 
o 



vo 
t- 

JO 

E 

> 
o 



t>0 



So 



< ^ 

p 2 
Uh a. 



0h 

cd • 
PCI 
00* , 



c 
o 
PQ 

-a 

o 



o 
cd 

-4— • 

o 

o 
C 
cu 

GO 
< 



CM 
O 



CM 



CM 



JO 

E 
o 

Q 

>^ 

cd 

-o 

CO 

4> 
C 

•o 

4> 



o 

CM 

a> 

60 
cd 
CX 



Q 

VO 



.3 PQ 
*§ O 

S .2 

60 td 

P o 

Q J 

G 

2 CM 

O ^ 
a; ^ 



a 
•a 

vG 

a 
o 



60 
C 
•♦— ' 
(U 

<u 

s 

60 

2 
P 

es 
cd 

& 

o 



CM 

o 



c 

O 

o 



o 



o 

V3 

Q 



o 
u 



o 
H 



a 

H 

o 
Q 



o 

is 

o 

</} 



to 



o 
o 
o 



2 

CO 

a 
o 

c 

0) 

-*— » 

CO 
Pu 



C 

o 



<2 

a 

CO 



>» On 

Pu, o 



CO 

> 

a 

<d 



JD 

2 
m 

a 

cO 
<u 

00 



o 
c 

<L> 

c 
o 
a, 

CO 

<L> 

t: 
o 



c 

cu 

a 



o 



s 

o 

g 
o 



c2 
g 



CD 

cr 



CO 

G 
O 

a, 

CO 



c 
o 
PQ 

o 



no 

N 
cO 
Ph 

"E 

cd 
-G 
o 

2 



G 
O 



G- 

cr 



o 

CM 
CM 



O 
i 

0\ 
i 

<N 



• 



c 
o 

C 

to 



,G 
O 



o 

Ut 



o 



« to 

3 £ 



O 

CO 



co 
>> 
a 
co 



<u 
o 
a 
<u 

G 
O 

a, 

CO 

t: 

o 

u 



c 

a 



O 
i 



u 
c 
cd 



c 
o 
o 
jd 



a 
o 



g 

CO 

(X 
cd 



CO 



4> 



o 

00 



CD 
G 

cr 

.s 
s 



co 
>> 

a 
co 

H 



2 

PQ 
c 

CO 
(L> 
00 



a 
o 



00 



o 



c 
co 

eg 

a 
o 



CD 
X 

<D 

*o 
o 
o 



a. 
to 
-S 

i~. * 
cd G 

CD CO 
<D O 



CO 

> 

a 

<D 

0« 



CO 

c 

CO 
<U 
00 



<D 
O 

c 

<D 

-o 
c 
o 

a, 

CO 
<D 

t 

O 

O 



a 
O 



O 
i 

VO 



CO 
CD 

cr 

CD 

.a 
-♦-> 

CD 
(D 



CD 
O 
G 
4> 



G 
O 
o 

CD 
2 



CD 

CO 

G 
c0 

H 



JD 
CO 

PQ 

G 
c0 
<D 
00 



X 
c0 

l-H 

o 

CO 

G 
O 

Ph 

00 



<N 

o 



CD 
CO 



1-1 

CO 

c 

c0 

H 



G 

CD 

c 
o 



CO 

PQ 

G 
CO 
<U 
OO 



t: ■ 

o 

CD 



CO 

00 



oo 



o 



c 

o 

o 
o 



0> 

fl 

o 
d 

a 
o 
& 

CO 

o 
U 

CO 

a 
o 

CO 
CO 

E 

S3 

(/> 



I 



o 



c« 
o 

Q 



S 

o 



o 
H 



cd 

13 
pd 

CO 
CO 

O 



CO 



o 



X) 

2 



TD 

PQ 
cd 

oo 



cd 

P4 



H 

o 
o 

Q 



o 



CM 
O 



c2 
c 

t— < 

S 

O 

e 
>> 

00 

S 



■fi 

c/j 

K 
oo 



o 



JO 
O 



CO 

O 

U 

PQ 

d> 

-4-» 



- X 

01 

u, 
O 

CO 

G 
O 

a. 



CM 
O 



o 








t-* 








l— L. 








Pi 
















g 




(_) 




cd 




* 








Cd 








1 

t: 




o 








<l> 
















ed 




00 






c- 


:§ 


r- 
m 
■ 






>^ 


cd 


ro 


• 


i 

CM 




O 




00 



-I 

cd 

cd 
H 



^3 

cd 
PQ 

a 
cd 
a> 
oo 



o 



cd 
00 



CM 



CM 

O 



<N 



x> 

6 

«—» 
a. 

00 

o 

-a 
o 



J3 

CO 

"cd 
> 



N 

cd 

-a 

cd 
o 

s 



ON 

o 
cm 



CM 

o 

■ 

VO 

cm 



t: 
o 



cd 
> 

a 



cd 
PQ 

cd 
00 



o 
a, 

cd 
oo 



CM 



CM 

o 

VO 
CM 



cd 



> 

c 
u 



c 



o 
o 
o 

s 

Pk 



•J 

cd 

c 
cd 
H 



N 
cd 

PL, 



o 
o 
o 

o 

Ph 



CN 



CM 

O 

VO 
CM 



CM 
CM 

<L> 
00 
cd 

Ph, 



oo 

'cd 
> 

(U 

Pi 



a 
o 



cd 

PQ 
c 

cd 

oo 



o 
cx 

p^ 



cd 
OO 



CM 



CM 

o 

I 

VO 
CM 



JO 
CI 

o 



o 
d 

a> 
o 

a 

<i> 

a 
o 
a, 

a> 

o 
U 

G 
O 



S3 

en 
i 

Pu, 



a 
o 



u 
Q 



o 



o 



a. 

H 
o 
o 

Q 



o 
oO 



03 



c 
o 



G 
O 

ex 



Q 
i 

DO 

.S 
-«— « 



. a 
< .o 

CO 



cd 
PQ 



CO 



CO 
>> 
a 

CO 

H 



x 
cd 

o 
a 



CM 
O 
i 

<N 



O 

o 



2 

o 
I* 3 

(4-1 

G 



CO 

G 

CO 

H 



t3 
cd 

CO 

G 
cd 
<U 
00 



t: 
o 
cx 

a! 



cd 
O0 



<N 
CM 



O 
1 

CM 
<N 



cd 
> 
3 

a 



cd 
c 

cd 
00 



t: 

o 
a, 
<u 



cd 
CO 



CM 
O 
1 

On 



CO 

.5 



g 
o 

CO 

G 

-S? 

CO 

o 

CO 



± CM 

0 

tLi CM 

0 S 

<D 

CX 

O 00 

O .2 



-o 

CO 
V-. 

PQ 
c 

cd 

O0 



CO 
>% 
G 
cO 

H 



cd 

o 
G 
<u 

< 



cm 
o 



o m 

^ 00 



o 



M-r 

CO 

00 t: 

cd 

cd h 

;5 5 

- eg 

cd G 
co 



-1 

cd 

G 
co 
H 



^3 

CO 

G 
cd 
<u 
OO 



o 
<l> 

Pi 



CO 

00 



o 

<N 



O 



.52 X 



G 
O 



-o 

N 
CO 
PL, 

-o 

c0 

u 

s 



o 

CM 



CM 

o 



-S 
c 

cd 
-G 



CM 

<D 
cd 

Oh 



CO 

> 

3 
G 

0) 



G 

<u 

*G 
G 
O 

O 



-o 

N 
CO 
PL- 



c0 

2 



00 

o 

CM 



CM 
O 



c 
o 

u 
o 



CO 



C 
o 



o 
Q 



o 



CD 

cO 
>, 
G 
as 

H 



o 



JO 

-3 

co 



CO 
00 



a 

>> 
H 
o 
o 



o 



C/3 



Q 



CO 

t; 

o 
ex 

<D 

>> 
■*— » 

*4-i 
CO 

00 



vo 
o 

<N 



CN 

O 



<N 



O 

o 
cx 



o 

o 
c 
cO 



cd 

a 
to 
H 



co 

t3 
co 
u 

m 

G 
03 
CO 
00 



c 
o 
cx 

CO 

00 



o 

(N 



CN 
O 



CM 



G 
a> 

6 

G 
o 
o 

a 

co 

m 



CO 

ccj 
Oh 



G 
W 



CO 

>. 
G 

CO 



G 

N 
cO 

-o 

CO 

o 



c 
co 



G 

o 
o 

Q 

00 
G 

IG 
<u 

"C 



o 

<N 



<N 
O 



CN 



o 

r. 

o 

CX 

CO 

CO 



o 

,CO 



JG 

CO 
"cO 

> 

G 
C 
CO 

04 



JO 
CO 

CP 



oo 



CO 

t: 
o 

CX 
CD 



CO 

oo 



co 
O 
CM 



CN 

O 



<N 



G0 

-S 

*- » 

<D 
CD 

u 

S 
o 



< 

Q 



a 
o 
cx 

CO 

<D 

i: s 

o o 

CO 4-> 

G w 

O S> 
a. ^ 
oo O 



G 

o 

o 



CO 

PQ 
G 

CO 

<u 
oo 



CO 
IX, 
u, 

o 

to 
G 
O 

cx 

00 



<N 
O 



CN 



CO 



G 

N 
CO 
Oh 

\-> 

CO 

o 



C 
CD 

s 

c 



G 

o 



<2 

G 



CN 
O 
CN 



(N 

O 



<N 



c 
o 

2; 



CO 
CU 

G 

cr 



G 
CO 



G 
O 



<N 
CO 

CO 



£3 

G G 



<o 

CO 

a 

CO 

H 



G 
CO 

-o 

VG 
G 
O 

U 



G 

N 
CO 



CO 
_G 
O 



o 

CN 



CN 

O 



c 
o 

H-» 

cs 
o 
o 

NM- 



X 
0> 

a 

<U 
O 

a 

cu 
T3 
C 
o 

a> 

2m 
O 

U 

C 

# o 



CO 
i— ( 

m 
i 

CO 



c 
o 



o 
Q 



o 



O 
O 
<N 

r-~ 

<N 

4) 
X> 

6 

■•-» 
a, 

<o 
oo 

CO 

s 

•S 



60 

.3 

ft) 



0> 
O 

a 

c 
o 
o 



is 

t— 1 

Cd 

cd 
H 



o 
H 



2 



CO 



CD 

a 

>> 
H 
o 
o 

Q 



C/} 



<X> 
hm 
CI 

Q 



cd 



o 
o 

CM 



CM 
O 
■ 

O 

CO 



<N 



C 

o 

CO 

.5 

o 



cd 
»-. 

m 

a 

Cd 



c 
2 

o 



o 
c 

o 
cx 

b 

o 



a 
o 

O 



CM 

o 

I 

On 
CM 



♦ 



On 



a 
a 

H 



cd 
PQ 

Cd 
<D 
CO 



t: 

o 
cx 

cd 
CO 



ON 
On 



CM 
O 
■ 

oo 
CM 



CM 



cd 

a 
H 



2 

CD 

a 

CO 

a> 

CO 



t: 

o 

CX 
4> 



as 
CO 



ON 



CM 
O 
i 

CO 



CO 

O 

CO 



4) 

cd 

cS 
03 

H 



2 
a 

cd 
00 



t: 

o 
cx 
o 

06 



cd 
00 



On 



<N 
O 
■ 

CM 
CM 



x: 



cd 

US ^ 

.4) 
> 



o 
a 



tM 
a 

h-3 



O 4> 

■+-« CO 

« O 

O N 



P g 

X) 
3 



Q 

IX, 
N 

c 

O 

•s 

3 



u 
Q 



cd 
>> 

a 
cd 
H 



=3 

N 
Cd 
Oh 

1 

O 



o 
o 
c 

<D 

a 
o 
cx 

to 
t 

o 
O 

-< 

2 

a> 



a 



VO 
On 



CM 
O 
i 

CM 
CM 



T3 



3 



in 

CM 
GJ 
O0 

cd 
fx, 



-o 

cd . 
^ Q 

> s 



s 

<D 
O 

c 
§ 



p-g 

CO 



x: 
O 

EC 



X) 



S < 



_! 

cd 

cd 
H 



a 
o 



N 
cd 
Ph 

x: 
o 

2 



O 

c 

a 
o 
cx 

CO 

cu 

fc 

O 

o 
2 
E 

<u 
O 



oo 
On 



CM 
O 
t 

CM 
CM 



cd 
o 

O 

cd 



cd 
x: 
Ph 

6 



c 
o 

03 
U 

o 



O 
O 

a 

a 

S3 
O 

a, 

o 
o 

S3 

o 



CO 
■ 



c 
o 



u 

a 

Q 



E 
o 
I* 

to 



o 
H 



H 
o 
o 

Q 



o 



CO 



oo 

o 
i 

CM 
O 



a 

S 
c 



CO 

> 



•o 

N 

CO 
Ph 
T3 

cO 
O 



0\ 



CM 
O 



-I 

CO 

C 

CO 

H 



co 

PQ 
c 

co 
oo 



o 
cx 

>> 

r W 
<-»— i 

03 

OO 



m 
On 



<N 
O 



CM 



CO 



J) 
CO 

PQ 
c 

c0 



o 

CO 
OO 



CM 

o 



GO 

-S 

o 
< 



a 



c 

s 

o 
o 
Q 

<S 

*C 
PQ 



2 

PQ 
-a 



N 
CO 

o 

a 



c 

m 

u 

S 
o 

< 



c 

s 

a 
o 

Q 



CM 

ON 



CM 
O 



a> 



CO 



00 



CO 



2 
N 

CO 

o< 

CO 

o 

2 



O 

C 

<L> 

*o 
c: 
o 
cx 

CO 

t 

o 

O 
To 

e 

CO 

a 



o 

0\ 



CM 

o 



o 
cx 

PS 



• 

a 
<-»-< 

C 

CO 

ti 
o 

v 
erf 



■3- 



CO 

>> 

CO 

H 



CO 

l-H 

PQ 

a 

c0 
00 



t: 

o 



CO 

oo 



On 
OO 



CM 

o 



t: ° 

*r rv 
i 

o ^ 

s:§ 

s o 

^ c 
o 



CM 

CO 



CXCM 
CX 

o 

^ O 
CM CM 
■ 



^ CM 



a 
o 

T3 

£2S 



CO 



c 
o 

u 



u 

CO 

PQ 
S 

O0 



t; 

o 
cx 



CO 

oo 



oo 
oo 



CM 

o 

f 

o 



u 
c 



CO 

o 

■«— • 

o 

CO 



CO 
PL, 

e 



<u 

G 

0> 
O 
C 

o 

a 
© 

a> 

o 
U 

CO 

a 
o 

CO 
•^"« 

a 

S3 



I 

CO 



c 
o 

cz 
<J 
o 



a 

o 



Jm 

u 

Q 



£ 

O 
U 
to 



o 
H 



a 

>> 
H 

o 
o 

Q 



o 



a-, 

CU 
C/3 



D 



t: 
o 
cx 

Pi 



o 
a3 



o 
a* 

<4-i 
Cd 
OO 

-S CM 

V o 
m J, 

— • xj- 

.2 • 
& oo 



cu 

Cd 

a 

CO 

H 



2 
a 

cd 
cu 
oo 



t: 

o 
cx 
o 

cd 
00 



oo 



CM 

o 



On 

o 



cd 

> 

c 

cu 



N 
CO 

to 

Cd 

o 

2 



oo 



CM 
O 



o 



s 

c o 

2 <u 

fs 

° cu 

.3 

■*— • . r 
CO M 

<U cd 

.2 a> 

s s 

11 

II 

II 

O -o 



Cd 

c 

cd 
H 



> 

Q 



o 

-§ 

s 

Ol, 

§ 

Xi 

& 

O 



a 
o 
•♦— » 

CO 

o 

"a* 
cx 

< 
oo 

s 

Q 



o 



CM 
O 
I 

o 
m 



on 

CO 



cu 

cd 

C 
cd 
H 



3 

N 
cd 
to 

-H 

cd 
XI 
o 

2 



oo 



<N 

o 

■ 

o 

ro 
i 

On 



oo 





&0 




CO 


2 






Q 












T3 










ufact 


rienc 




c 






cd 


cx 




S 


X 
<D 




t: 


C 




o 




cx 


■♦— • 
cd 




Re 


to 




>> 


r*S 




•*— ■ 

^4-1 


On 
O 


.i 


cd 


■ 


cd 


00 




CX 




m 
i 


•a 


cd 


a 


TD 


CM 


cd 


i . 
*n 


OS' 


OS 




o 






c 




t: 


o 


o 


o 






cx 










to « 





►J 

cd 
>> 

a 

cd 
H 



2 

cd 
00 



t; 
o 
cx 
o 

•4— ' 

<+-< 
cd 
oo 



CO 

oo 



CM 

o 

CM 

i 

On 



oo 



t: h 

O tn 

cx o 

O N 

& 

5 « 
' S 

c: 

cd 

a 

.2 

o 
ed 
CX 



t: ^ 

O 

CX —i 
a> cd 

>% ■ 

•? S 

_ o 
73 oo 



cd 
>> 
a 

cd 
H 



2 

OO 



o 
cx 
3 



cd 
oo 



oo 



CM 

o 
r- 

CM 



oo 



z o 



2d g ^ 
2 « 



<2 - 

s 



c/j 

CO 

£J 

■«-» 

•a 



t: 

as 



CU 

OS 



^ 'cx 

as 

00 

2 ^ 

*^ CM 
"3 ° 

x; oo 



00 

O 

C 

O - 

"c/3 «2 

cd 

^ CU 

o c 
CO .S 

o ^ 

cd o 

cx 

Cd g 

& 2 

S a> 

o S 
x: cu 
o ^ 

•IS 

CU X3 

2 § 



cu 

♦J 

cd 

s 



2 



CU 
00 



t: 

o 
cx 

4— • 

cd 
00 



CM 
CO 



CM 
O 
i 

VO 
CM 
i 

On 



CM 
CU 
CO 
cd 

to 



a 

in 
a 
o 



o 



cd 
o 

"3 
<u 
o 
cd 



cd 
to 

s 



G 

O 

a 
o 



0> 
G 

hH 

0>- 
O 

a 

no 
o 

o 
U 

a 
S 

CO 



■ 

GO 



c 

O 



o 



E 
o 
i« 
to 



. o 
H 



a 

u 
o 

Q 



o 



oo 



C3 

Q 



oo 
m 



O 

o 
cx 

2-S 

<5 g 
G ~ 



o ^ 
c* £ 

«r? G 

CO Ph 
CO 

•3 

■ — i 

<G <N 

'g o 



cd 



cd 
PQ 



t: 
o 
a, 



cd 
OO 

03 

Q 



o 
oo 



O 
t 

o 



oo 



a 

2 
pq 

-a 
o 



g 
•o 

N 
cd 
Pu, 

X> 

cd 
O 



CO 

<U 
G 

cr 
<u 

OO 

-S 

<D 

CO 

& 



o 



o 



oo 



O 

o 

CO 

bo 

< S 



G 

g» E 

-G CO 

c3 co 
60 « 

o <: 

• 8 

S o 

lz 

CT CX, 

p=s .2 
oo o 
G « 
-3 cx 

ft> oo 

I 



03 

PQ 

a 
cd 
<u 
oo 



cd 
> 

G 



< 

Q 

e 

o 



<N 
O 
i 

OS 



oo 



co 

cr 
o 

oo 

-S 

■♦— » 

a> 

s 
< 

H 

On 
00 



PQ 
d 

OO 



<D 
O 
G 

CD 
X» 
G 
O 

cx 

CO 

<l> 

h 

o 

< 
Q 



On 



o 



oo 



oo 



C 
00 



PQ 

G 
cd 
<u 
oo 



< 
Q 



X 
cd 



oo 



O 



oo 

CO 



Is 

*C 

OO 

o 

03 i 
00 CN 

V 6 
Z 
t: 

o 
p. 
a> 



♦J 

cd 



cd 
v-. 

PQ 

G 
cd 
<u 
oo 



o 



cd 
oo 



o 



oo 



o 

Vu 



cd 
C 
a> 
oo 

t: 

o 

Pd 

>^ 

-«— » 

cd 
00 

I? 

CX m 
G ' 

^ o 

PL, Z 



oo 
<N 

CJ 
CO 
cd 

a, 



cd 



G 
U 

G 
O 

o 



cd 
PQ 



oo 



o 

CX 

p^ 

cd 
oo 



o 



c 
o 

d 
o 
© 
_1 



o 



x« 

CO 

Q 



E 
o 
u 



o 
H 



a 
H 

CJ 

O 

Q 



o 



x. 

CO 



C3 



oo 

CO 



O 

z 

c 

o 
cx 



St 

co 
*C 
<u 

00 

t: 

o 
a. 
<u 

<u 

C3 
00 



^ co 
2 > 

s ° 



co 
> 

C 



s 

m 

c 

a 

00 



t: 
o 

o 

>^ 

a 
oo 



o 



oo 



60 

-S 

■4— > 

o 

<u 

CM g 

PL, H 

o 3 

W o 
u Q 

> -2 

.3 a 
H g 



to 
c 

cO 
O0 



CO 

C 

CO 

H 



o 
G 

-a 
c 
o 
cx 

CO 

g 

o 
U 

< 
Q 



<N 
O 

o 



o 
o 
o 

2 
cx, 

*2 
"6 
o 
cx 
oo 



■3 

CO 



S 8 

a S 

§ 3 

cx o 

CO CO 

4) co 

P* < 



cO 
G 

CO 

H 



N 
cd 
CX, 



CO 

-G 

o 

2 



a 
o 

_ cx 

O c 

* S 

.2 2 
o <u 

4) co 

cx 5 
oo < 



o 

I 

VO 
<N 



t: 

O 
CX 

v- 

i — « ■»— • 

*= <2 
co a 

00 ^ 

t: ^ 

cxr- 



CO 

00 

>v 
CO 

I 



co 

•c 

<L> <N 

X> ■ 
t— « 

O rj- 

^ CO 

« <N 

co o 

CO 



co 

CO 

H 



CO 

a 

CO 
O0 



o 
cx 



co 
OO 



o 



<N 

S VO 

. , ^1" 

CO O 

<^ t: 

t3 o 

T3 to 
^\ 

cx2 
d o 

• ,CO 

o 2 

tx, S 



CO 

CO 

H 



S 



00 



t: 
o 
cx 

C*-i 

CO 
OO 



<N 
O 



VO 



i 

co CO 



^ O0 

cx^ 

<L> ^ 

^ cx 
t3 * 

OO « 

V B 

— < t c0 

-co 2 



CO 

c 

CO 

H 



CO 

a 

CO 
<D 
00 



t: 

o 
cx 

ca 
00 



O 



VO 



VO 

CO 



On 
CN 

<1> 

CO 

Cx, 



c 
S 

o 
o 

OO 

■c 



CO 
CO 

PU 

O 

a 



CO 

G 
co 

H 



c 

T3 

a 
o 
U 



3 

N 
CO 

o 



c 
S 

o 
o 

Q 

o0 



o 



o 



a 
© 

a 
o 
© 



s 
o 



o 
Q 



o 
u 



o 
H 



VO 

CO 



a 

>> 
H 
<j 
o 

Q 



o 



u 

OO 



C3 



<u 

Q I 



<U 

cd 



> 



►4 

s 

id g 

l~i to 
~ to 



JO go 

cr o 
£> a 
« <u 



D 

1 



tu 

cO 
>* 

a 

cO 

H 



2 

N 
CO 

Ph, 



<L> 
O 

a 

a 
o 
ex 

co 
t 

o 
U 



G 

a 



vo 



o 



On 



VO 
m 



co 
60 



CU 

> 

s 

CU 



60 

a 

CO 

o 



CO 

> 

cu 



3 

PL, 

2 



C 

e 

-a 

0) 



o 
o 
o 

2 

Ok 



oo 
vo 



O 



wo 

CO 



o 

-u 
c 

co 
On 
cO 
O 



T3 

-a 

CO 



CO 
CO 

> 

a 
i— * 

& 



CO 
CO 



N 
CO 
Oh 



CO 

o 



co 



3 

00 
*c0 

o 



CO 
Oh 



a 

eu 



<U ^O 

C/3 — • 
tO 

o ~ 

o co 

2 *C 
o 

u< OO 

° 

CO o 

« o 

CI. v-. 
00 Ph 



cO 
> 

a 



-3 

N 
CO 

Ph, 

S3 



VO 
VO 



CN 

o 



8 5 
* S 

o a> 

O co 
CX « 
OO < 



VO 



vo 
m 



O 
i 



C/3 



o 0 

CO 



CO 
> 

C 
<L) 



CO 

m 

d 

CO 
00 



t: 
o 

tU 

<u 
ci 
o 

H 



CM 

o 



m 

OO 
Cu, 

o 

o 
c 

4) 
60 

< 

60 

-H 



c2 

o 
c 

a a) 
o 6 
& S 

O c0 
O i3 



CO 

>^ 

CO 

H 



S 

CO 
CO 
OO 



tU 

o 
a 
cu 

O 
CU 
co 

a> 

t 

o 
U 



cu 

a 
cu 

O 



VO 



O 



o 

CI 
o 
o 



c 

c 



1m 

<J 
Q 



00 

<§ 

C 

5 



co 
C 



cr 
o 



c 
o 



c 
o 



E 
o 
u 

ti- 



ed 
> 

C 

o 



o 



»-. 

PQ 
c 

03 
00 



a 

>> 
H 

o 
Q 



o 



co 



Q 



t: 
o 
cx 
<u 
i~. 

<u 
c 
o 

43 

cx 
JU 

H 



CN 
O 
i 

<N 



c 
o 

-S 
43 

CO 

cO 



.2 
-S 

o 

2 
a 
o 

o 

<$$ 

■4— » 

a 

S 

o 
o 

00 

o 

•c 

PQ 



43 

CO 

> 

<L> 



<L> 

cd 
PQ 



CO 



t: 

o 
cx 

<u 

c 
o 

cx 

<L> 

3 



CO 

<U 

cr 

00 

.s 



s 

o 

N 

t; 

o 

e 

co 

13 
> 



i— 

c 

CO 

<d 

00 



CO 
> 

C 



< 

Q 

(X, 

S 
o 



X 
co 

PL, 



<N 
O 

<N 



CM 

O 



<N 



00 

.S 



s 

43 
O 



.2 -e 

cd C 

go 
a 

*5 cH 



e 

PQ 

o 



35 

N 
CO 
PL, 



co 
43 
o 



c 

s 

-o 
c 

e 

CO 

a 
o 



vo 



o 

I 

<N 



43 



CO 



co GO 

a £ 



CO 



CO 



-I 
CO 

a 

CO 

H 



M 
CO 
PL, 



CO 
4^ 

o 

s 



<L> 
O 

c 
a> 
-o 
c 
o 
cx 

CO 

a> 

t: 
o 

o 



c 

O 



CN 
VO 



o 

I 

ON 



J3 



»-) 

CO 

c 

CO 

H 



N 
CO 
PL, 

Ui 

c0 
43 
O 



o 
c 

CD 

c 
o 
cx 

CO 

<L> 
fc 

o 
O 



C 

a 



vo 



O 




2 222 



c0 

a 

CO 

H 



CO 

PQ 
a 

c0 
<D 
00 



VO 



o 



<U 
00 

CO 

cx, 



o 

C! 
O 

O 



o 



CO 
O 

O 
CO 



CO 
43 
PL, 

s 



co 

CO 



cO 

co 



cO 

co 



U 

<U 

o 
c 

CO 

G 

o 

CO 

d> 

T3 

p 



8 S 
S.S 



CO 
CO 

2 
u 



I 

Oh 



O 

55 8 
S 
< 
00 

S 
o 



00 

cO 



On 
CO 

o 
? o 

Is 

DO O 

o 

{3 2 

OX) cu 

3 

CO 



0\ 

CO 

o 




CO 

<u 

CO 

CO 



o 
PQ 

no 

CO 



o 
o 
- «— < 

.3 

O 

co 

1 



CO 



c 

C 

o 

a 



3 

N 
cO 

"E 

CO 

o 

2 



S 



00 



CO 



00 



O 

a 
<u 
*o 
a 
o 
ex 

CO 
<D 

t 

o 



Q 



< 
Q 



o 
c 



a 
O 



x 
a 



x: 

CO 



CO 

a 

CO 

o 

CO 



00 



O 



O 



<N 
O 



a- 

e 



VO 



VO 



HH 

4> 
O 

0> 

a 
o 
a, 

a> 

© 

U 

a 
o 

V5 



S3 

CO 

i 

CO 



c 
o 

03 
o 
o 



c 

o 



CM 

Q 



s 

o 
u 



o 



H 

o 
Q 



o 

z; 



o 

-*— > C/l 

cd cd 

2> ^ 

O 
O 

a ^5 



cd 



*7 cd 
± *C 
•O cd 

°S 

i 

Cr\ O 

2 «~ 
2<2 

u 5 



CO 

> 

C 



NJ 
CO 
Oh 

O 

(5 



o 
o 
o 

-*— ■ 

o 

CU 



VO 



CM 

o 

I 

CM 



CO 



oo 
oo 
O 

ex. ■ 

O CM 
^ ° 

« t; 

CO l- 



o 
PQ 

cd 

e 

pq 



Cd 

cd 
<u 

00 



o 
ex. 

P4 



cd 
oo 

cx 

I 

Pu 



CM 

o 



o 
i 



o 
PQ 



cd 

6 

PQ 



=o 

cd 

PQ 
c 

cd 
OO 



o 
a, 

<D 



cd 
00 



cd 



CM 

o 



VO 



i-i 

.5 



t3 
cd 

PQ 
a 

cd 
oo 



cd 
> 

p^ 



< 

Q 

IX 

S 
o 



cd 



O 



VO 



CM 



CM 

CO 

cd 



C 



is 



2 ^ 
~ x> 

»- oo 
bo eu) 

-S .s 
S 6 



^3 

cd 

PQ 
c 

cd 

O0 



00 

s 



►J 

cd 
cd 

H 



P 



o 

X 
cd 



CM 

o 



VO 



CM 
CO 



0) 
O 
G 
cd 
o 



cd 
a> 

u, 
O 

c 

cd 

a, 



oo 
c 

S 
PQ 



CO 

P4 



cd 
> 

<u 
P^ 



-a 

N 

cd 

Pk 



cd 
o 

2 



O 

c: 
<u 

o 
a, 

CO 

t 

O 

O 



O 



CM 

o 



CM 



CM 



cd 



cd 



.2 *° 



PQ 



CM 



o 
o 

o 

o 
cd 



cd 

PQ 
c 

cd 
<D 
CO 



< 

Q 



cd 



CM 

o 

• 

o 
m 



m 

cd 
Pu 



c 
o 
O 



cd 
o 
*♦-• 

o 
cd 



cd 
Pu, 

s 



c 

a 
o 



X 

. a> 

C 

a> 
o 

a 

C 

o 

a. 

on 
a> 
in 

Sm 
O 

U 

C 
O 



i 

Ph 



c 
o 



1h. 
o 

Q 



E 
o 
u 



o 
H 



a 
H 

o 
o 

Q 



o 



In 

CO 



Q 



o 
a 
o 



-S 1 

CD 

a * 

cO 

O 



8 § 

IS 



O 
u 
o 

8 

PL, 



C 
W 

to 



o 
Ph 

(XI 

<L> 



o 
o 



o 
co 



-a 

N 

CO 

a, 



cO 



<N 

o 




o 
o 

'.S 

o 

"J2 
o 

cO 



-a 

N 
cO 
Oh 

CO 



C 

<D 
T3 
C 

o 
cx 

CO 

a> 
fc 
o 
O 

< 

a 

Ph 



CN 
O 
i 

o 



C 
O 

cS 

a 

bp 

*5S 

-a 
o 

CO 



CO 
PL, 



Q 



CO 
Ph 



CO 

o 



o 
a 

5 
u 

CD 

M 
o 

CO 



a 
a 

<L> 

-a 
a 
o 

Ou 

CO 

(O 

b 

o 

a 
< 

Q 

Ph 



CM 
O 
■ 

tN 



CO 



C 

o 



-a 

CO 



<L> 



CO 
V-i 

PCI 

a 

CO 
<D 
CO 



t: 

o 
cx 

Ph 

<4-H 

CO 
CO 

ex 

i 

.2 

*o 

Ph 



O 
i 

O 
CN 



-a 
B g 

si 



CO £ 

CO 



CX 
O 

o 



CO 

^H 



bQ 

* 

C £2 

<+H 

o .o 




o 
o 

*.s 

o 

CO 



CO 
P2 



CO 



Q 

Ph 



X 

<+H 



<N 
O 



wo 



O 
O 

:§ 

o 

o 

CO 



N 
CO 



cO 
o 

5 



bo 

— . 

O <D 

- E 
.2 2 

O <U 

Ou « 
co < 



o 



o 



c 
S 

o 
o 
Q 

PQ 



CO 
Ph 



C 

6 

£ 
o 
o 

< 

Ph 
CO 



c 
o 



CO 



Q 

Pu 



X 
c0 

PL, 



o 
a 

O 
<u 

CT 
o 

CO 



o 



CO 

PQ 
a 

CO 

<D 
CO 



Ph 



X 
c0 
Ph 



CN 
O 



X 

0> 
O 

a 

o 

a. 

CO 

a> 
u 
u 
o 

U 

a 
o 



CO 

T— ( 

i 

(/> 



C 
o 

a 
o 
o 



o 



o 



£ 
o 



o 
H 



4> 

H 

o 
o 

Q 



o 

2; 



i-i 
o 
CO 



Q 



o 

VO 

S o 
o ~ 
-o o 
<« 



a 

cd 

CO 

s ■ 

3 



O 

o 



S 



W CO 

^ cd 

CO 



Pu, 

a 



«. CO 

S o 



CO 

s 



N 
cd 

1 

o 

2 



<N 

O 



On 
CO 
O 
■ 

O 

o 
o 



-o 

2 

PQ 

G 
cd 

00 



o 
o 

"S 
O 



< 

Q 



cd 

a 

co 



<N 
O 



G 

co 
o 



CO 



o 

o 
co 
o 



Pk co 

3 i 

to cd, 

CD 00 

§ 2> 
> 

o -S 



g 

O 

PQ 



co 

cd 

e 

PQ 



3 

N 

<d 

Ph 

-H 

cd 
o 

2 




00 



CN 

o 



ON 
CO 

o 



o 
o 
o 

4— > 

o 

Cu 

Id 
o 

'I 



< 

PM 
OO 

O 

g 
o 

CO 

0 

CO 



O 
O 

u 

co 

o 
cd 



jo 
-O 

2 
PQ 

a 
cd 
<u 
00 



< 
Q 



cd 

G 



O 



a 

cd 



<o 



cd 
bO 
co 

V-i 

G 
eo 



CO 
CO 

CD 

CO 
CO 



o ^ 

o c 

Ph JD 

*cd 'cd 



00 co 



O 

co 

:§ 

u 

M 

0 
cd 



JO 

2 
pq 

c 

cd 
00 



o 
+-» 

cd 

3 o 

W) cd 

r 0 

O PJ 

o ^ 

P4 .< 



o 



o 
o 
o 

o 



CO 
•—I 
TD 

2 
PQ 
a 

cd 
<u 



G 

2 

PQ 

>> 

O 



< 
P 

S 
o 



cd 



<N 
O 



S 

2£ 

a> 
a> a 

jd 
<t) ^-1 
C cd 

si 

o -B 

cd 

CO 00 
CO 

3 S 

o 



CO 
Pt 

cr 

o w 

■4— • * 
O 

PU G 

^- CO 

cd 00 
O << 



•2 
o 
o 

;§ 

s 

15 
o 
cd 



jo 

t5 

cd 
l-i 

PQ 

G 
cd 
CO 
00 



o 

3> 



co 



c 
o 

o p: 

0 <i> 
co 

P^ < 



<N 
O 



to 
m 

co 
00 
cd 
PU 



G 

G 
O 

O 



o 

& 



cd 
o 

CO 
O 

cd 



Ph 

s 

PJ 



c 
o 

03 

u 
o 



0> 

0> 
O 

d 

a 
o 

<u 

o 
U 

C 

# o 

*(» 

s 

CO 



I 

CO 



o 



o 

CD 

Q 



o 



o 
H 



CD 

a 

>> 
H 
cd 
o 
Q 



o 



CJ 

Q 



o .2 



co o 

4— » CO 

s -° 



.S3 o 

b co 

to 

I? 

2 > 

"st" to 

CO <d 

• bo 

S a 

o o 

OO o 

CO O 

- CO 

2 8 



c 

CD 
O 

pq 

<L> 
CO 

e 

cd 
PQ 



o 
o 
o 

o 

Pl, 
C 

TD 

cd 



o 

CD 

cn 

C CO 

.a * 
-o 

OO w 

£ oo 
a °" 
.2 O 
§ ° 



jd 

CO 

n 

oo 




O 



On 

CO 

O 



m 

s 

< 

Pu. 
OO 
b0 

C oo 
:3 « 

CO T-i 
bO ^ 

2 S 

50 CO 

-S <c 
H Q 

6 « 

<D T3 

PS 



o 
o 

'3 
o 

CD 
o 

CO 



CO 

m 

c 

CO 
GO 



o 

-4— » 

c0 

b0 CO 



cd 

O C 

o ^ 



o 



s 

a 

a 
o 

D 

a, 

.S 

c 
o 

> 
CO 

.3 

<U 
CO 

u* 

HH CO 
V +-» 

52 c 

CO CD 



CO 



CO 



bo 
CO 



S 



.S 

00 

.3 



O 
i 

VO 



< 

-S £ 

<u CO 

8 E 
O .2 

s g 

CJ _u 

On o 



CO <D 

a> co 

CD 



^ 0) 
O <D 



JD 

2 

PQ 
a 

CO 
<D 

oo 



c 
2 

PQ 
>> 



< 

Q 

a 

o 



X 

CO 



<N 
O 



CO 
CD 



c 

CO 



<N 
O 
O 
rs to 

CO 
CO 



CL 
CO 



CO co 
O g 

§ g> 

CO CO 
co W> 

fi< 



2 

PQ 

S 

o 
oo 



o 

CD 



<D 
C 

CD 
CO 



Q 

6 
o 



X 
CO 



<N 
O 
i 



s 

CX co 

O C 
n 4) 

E 

- 6 

@8 

\J CD 

>p a 

cO D 
CO 

D0-S 

3 o 

CD ° 

s 3 

o co 
o -o 

<D 



a 
o 

CO 
CD 

g. 



O 

o 

:§ 

o 
.5 
13 

a* 

CD 
CO 



JD 
T3 

2 

CQ 
a 

CO 
<D 
00 



& 
o 

■*— ' 

CO 

OO c0 

o 



o £ 

CD O0 



O 



<N 
i 



o 





CO 




C 












E 




o 




CD 




• 






CD 


CD 


<L) 


t»4 


c 




CO 


X) 




u 


*C0 


& 


o 


H 


.3 


cO 


o 










<2 








CO 


O 


CD 


tus 




CD 


CO 








CO 


CD 


he 






+-» 
<D 

.3 




1 






O 







o 

CD 

;§ 

CJ 
v 

O 
CO 



JD 

2 
PQ 



CD 
O0 



o 

•*— ■» 
CO 

b0 co 

CD 

S 

, o 

O G 
O « 

cd bO 

p^ < 



o 

I 

On 



CD 
bO 
CO 
Oh 



c 

CD 

c 
o 

o 



o 
a 



CO 
CD 

"■*-• 

CD 
O 
CO 



PL, 

E 
0 



c 
o 

es 
o 



0> 

d 

o 
a. 

1/5 

a> 

o 
U 

O 



rH 
t 

CO 
Oh 



a 

o 



u 
Q 



© 

In 
fa 



o 
H 



o 



H 
o 
o 

Q 



o 

c/5 



o 



2 



CU 

at 
o 



CO 



_ CO 

2 a «J 

to pc; 

00 W 



fa 



co <N 

"^1 : 



4> ^ < ^ 

& 8 N -* 



On 



<2 



o ^ 



CO — 

a> .2 ^ ^ 

5« o ^j- .2 

4i w 



o 
o 



o 

CO 



p 

N 
CO 

V-c 
CO 

O 



OX} 
4> 



CO 

cr 

a* 



VO 



<N 

o 

I 

VO 



O 



cr 

O 

o 



CO 



CO 



o 

■a « 

cO *- 

*0 -»-> 



CO 

So? 

^ CO <L> 

TO P 

o 3 i; 

— *0 co 
00 60 Si 

s .s *s 
e § 



00 



o 



^ cO 

2 « 

(u a) 

3 Q 

> y 



CO 
CO 

<U 

CO 



0) co 

SCO 

O O 
O 



St 

<L> CO 

*2 CO 
CO Uh 



CO 

cq 
c 

CO 

oo 



'o 
a 

u 

a> 

B 

cr 
o 

' CO 



< 

Q 

Ph 

S 
o 



CO 



O 



Cu 

8 § © 
2 8 « 

2 2 S 
£ 3 

5 o p, 

8 S B 
a, *p B 
oo < -S 



o 
o 

*s 

o 

M 
o 
c0 



N 
CO 
CU, 

CO 

^: 

o 



O « 



« ^ ^ 

- — < CO 

O co 

Cu ^» 



c 



O 



o 
o 



o 
o 

O ^ 

^ 9 
•3 5 

to 

co S 

° § 

VO 
<N 



O 

o 
o 



go 



o 
o 

"B 
u 

o 

CO 



Q 

s 

N 
CO 
P-i 

-s 

CO 
O 



e 8 



o <u 

o OX) 

2 S 

S-S 



<N 

o 



vo 

(N 
O 
i 

O 

o 

O* 

o 



m 

s 

co 

'o 

O 
O 



Cu m 

sS 

i 

CO 

00 2 



c 

o 
CQ 



CO 



CD 



ha 
co 
(X, 



CO 

o 



VO 
CN 
O 

o* 

o 

'o 
o 
o 



CU 



m 
O 



o 



ON 



C 
<U 
■*-» 
CO 
Cu, 

CO 

CO 



o ^ 
to "o 

> O 



m Cu, 

o -i=i 
\ -a 
^ -H o 

' P 00 

S & .a 

o w <N 
aWo 

ft? <o o 

K o o 

co O ^ 

V, " 

t£3 • m 

% =tt 



o 
o 

*S 

o 

'3, 

o 

CO 



CO 

a 

c0 

oo 




CM 

o 



a 

O 

CQ 

<L> 
■♦— > 

a> 

CO 

e 

ca 



CO 
u, 

CQ 

C! 

CO 
CD 
OO 



o 



m 

<u 

00 
CO 

Cu, 



a 
o 

a 



o 



c0 

o 
o 

CO 



CO 

x: 
cu 

g 

3 



c 
o 

a 
o 
o 

■J 



o 



o 

CA 

Q 



o 



O 

H 



0\ 



CO 



H 

o 
o 

Q 



o 
Z 

CO 



C3 



3 O 
CO O 



0, 



O 

<u 

^ CO 

o 

(2 ^ 0 

ps o o 

co O *— « 



CM 
O 



o 
u 

.a 
o 



o 

cd 



.-—4 

•o 
2 
PQ 
c 

CO 



O 



o 



ON 

CM 




cd 



co 
=5 



«3 
O 



.3 
o 

_ .3 
> -a 



-a o 



I 



o 
PQ 



CO 



2 



CO 



<N 

O 
1 



On 



CO w 

co « 



cr 



o 
o 

;§ 

o 

o 
co 



co 
PQ 



CO 



o 

cd 

* § 

"E o 

o c 

O 



O 



On 



CO 



C 

o 

o 

CO 

On 

CO 

O 



cn 



o 
o 
o 

s 



CO O 

ts x 

1 ,«? 



o 
o 

*s 

o 

CO 



2 

PQ 
c 

CO 

00 



Q 



CO 



<N 

o 



rr co 
CX co 



O 
O 

*S 
u 

o 

CO 



2 

PQ 



00 



< 
Q 



x 

CO 



O 



c 
o 

CI 

o 



o 



o 

<D 

Q 



o 



o 
H 



a 

H 
o 
o 

a 



o 
cy 



CN 



C 

o 

■4— ' 

co 
0) 

O 
S 



CO 

u 

S 
u 

1 CO 

P-l g 



w 

m 
i 

CO 



CO 

-a 



co 

PQ 
c 

CO 

CO 



a 

o 
PQ 

o 



< 

Q 

(X, 

6 
o 



CO 

6 
w 



CN 
O 



CN 
<N 



On 
cn 



oo 

CM 

o 

•a 

• c 

CO 

CN 
O 

-C 

o 



6 

I 

bO 

.3 
6 

CO 



o 
o 

:§ 

O 

CD 

O 
cO 



Q 
S 



0 

N 
CO 
Oh 



o 

2 



(X, CJ 



ON 
CO 



CN 
O 
i 

<N 
CN 



On 

CN 



o 

21 

-o ■ 

c *r 

CN ^ 

^ cn 
■ i 

o . 

Oh O 

r: 
o 

«2 



3£ 

co S 



o 
o 

G 

CO 



g 



CO 



o 



<N 

o 

I 

<N 
CN 



OO 
CN 



s 

o 

O 
PQ 

■c 

s 



D 
T3 
N 
CO 
PU 

•g 

CO 
M 
O 

2 



6 

T3 
C 
a> 



is. 

CO 

o 

O w 
o > 



CN 

o 



oo 

CN 



6 

o 

3 

-a 



2 

PQ 
a 

CO 

<u 

CO 



oo 

CO 



CN 

o 



oo 

CN 



(J 

s 



CO 
CO 

o 

•o 
c 
w 



CN 

o 
o 

oo On 
C — 

2 "C 
~ o, 

CO ^ 

* T> 

a> <u 

OX) 3 
CO -= 

o 

CO 
OD D£) 

<S .3 
<3 o 

PQ S 



o 



c 
o 

PQ 

-a 

o 

"3 



Q 



N 
CO 
Oh 



CO 
O 

a 



CJ 

<U CJ 

^ P 

fX o£) 

O 

-o ^ 

W PQ 



vo 

cn 



CN 

o 



oo 

CN 



O 

00 
CO 



co 



E 
o 

s 



2 



N 
CO 

Pu 



o 
G 

-o 

C 

o 

co 

t 
o 
O 



O 



wo 
CO 



CN 

o 



c 

c 
o 
CJ 



oo 



~ C 

O CO 

" ' D 
W C 

a, . 

5 c 

6 <u 

CO 

CO 

*a 

PQ 5 

2 6 
Q * 

|3 O 

H o 



CO 

o 



2 ° 

o <N 



o 
op 

*o 



cd 
H 



o 

o 

o 
co 



<d 
o 
C 
cd 
x> 
a 
o 
a, 

CO 

b 

o 
a 

a 



O 
i 

■ 

CO 



oo 



OO 



CD 

CO k 




s 

o 
PQ 



2 

CQ 

§ 
cd 



CO 



O 
i 

cs 



e 

o 

3 
C 



Q 



N 
CO 
Pk 



O 

2 



o 
a 
a> 

C 

O 

cx 

CO 

g 

o 
U 



CD 

a 

a 



CO 

co 



o 

I 



oo 



S 
o 

s 



p 

CO 



X! 



CD 
O 

c 

C 

o 

CO 

8 

o 
O 



a 

<L> 
O 



<N 

o 

I 

r- 

I 



oo 

CN 



AT E 2 
O co ^ 

^ ^ x> 

ON 

^ co ^ 

-r- <D OX) 

k 3 * 
< <u o 

CO 

,5 -o <^ 

' G 00 
ci) 2 -S 

-S CO rtj 

a 

<D co £ 

ecu ^ 
CD <D 

o -§ •£ 
S g 'S 

.S e 



CO 



C 
4) 

<5 

Oh 

-S 
CO 

: ^ I 

11 



o .S 

• — * . , 

J* o 



o 
o 



OD 



^ cu 

^ o 

5 ~ .a 

w S e <n 

x S. ^ o 

« o o o 

JJL, v: X> CM 



•Sis 



c 

CO 



E 
o 
o 

5 
•c 



2 

CQ 
>, 
*o 
o 
1> 



>> 

CO 

OQ 



cO 
U-i 

< 

Q 




04 
O 
i 

■ 

<N 



O 



i 

CN 



CO 

c0 
<U 
l-> 
O 
J3 



oo 

CO 



o 
o 
o 

o 

a, 

"co 

a 
<u 
Ou 
oo 

S s 

■ 00 

o 

— « ex 



C3 

O 
o 

a 

CD 

u 

CO 



a 
-a 

a 
o 
O 



^3 
S 
PQ 
c 

CO 
CU 
OO 



o 

CO 



o c 

CD 00 

©4 < 



cN 
O 



o 
c 



CO 

D 

CD 

o 

CO 



CO 

o. 
E 

"c 
c 
o 



CO 
CM 



00 

.5 

s 

CO 
H 

*~ -S 

■«-» 
CO fl) 
0> 

£ u 
- 2 

o M 



CO f* 

.§ O 



G 

2 

PQ 

1> 



p 



pl, 

o 

: *5 



PQ 



cr 



00 



g«3 

o £ 



o 

CO 



O 



CO 



-a 

a 

CO 
- ■ 

o a, 
3 O 



CO 



O 

o 



> 

"to 

CO 

cx o 
2 £ 

2 o 

*£5 <D 
*C co 



at 
6 

-(3 



o B * 



^ z "i 

o eg 

5 ° 



0) 

<u 
o 
a 

*C 

w 

o 



I* 



i 

00 

a* 



03 

6 
o 

U 
Si 



S 

o 
o 

s 



Q 

s 

N 
PL, 



2 £ 



O 



co 

CO CO 

I & 

co C 

4> cd 

u o 



o 
o 
o 

•4— » 

2 

PU 



•o. 



oo o 



o 2 

O0 co 

. O 

O Qh 

- s 

S Q 



O _ 
OO w 

o > 

° £ 



ss 

N % 



a 

o 
o 

PQ 

*C 

s 



PQ 



00 



oo 

<N 



O 



co 
<N 



O 3> 



5 8 g 



2 5 

0 ^ 
— . <u 

4 op 

o g 

1 o 
— < o 

S 

6 B 

o *3 

oo « 

O cd 

«>■ c 
o 

to *S 



o 

c ^ 
.22 w 

PL, O 

.2 O 
2 °° 



^ .2 75 



o 

:a o 



G3 
T3 



=1 > 



s 

o 
o 

s 
2 



v-« 
« 

<u 
00 



CM 



o 



oo 



o « 

«N co 



« OJ 



C 
cd 



cd 



<«-i cd 



cd 



co . 

cd 

a. 



o 

a 



o 
o 

"S 
o 

cr 
o 

cd 



a> 
o 
C 
<u 
-o 

o 
cx 

co 

t 

o 

a 



a 

a 



CN 
O 



co 

CO 

2 

PQ 



PL, 
i 

T3 

a> 
a 
op 

"co 

CO 



> 

cd 
o 



5 



o 
a 

o 
cd 



03 

C3 
cd 
<u 
OO 



o 

4—* 

cd 



00 



cd 



o cJ 

o ^ 

a> oo 

Pd < 



O 



a> 
C 

O 

a 

a 
o 
cu 

CM 

a> 

3- 
U 

o 
U 

0 
O 

£ 

CO 
1— t 

I 

CO 



c 

o 

o 
o 



cm 



o.2 



a 

o 



In 

O 
co 

e 



s 

o 
I* 



o 
H 



4> 

a 

>> 
H 

o 
Q 



In 

CO 



03 

Q 



<g 

O ™ 
c ^ 

O i- 
£3 ^ £ 



55 S 
S o 
co • 
co 

< 2 



a> 
o 

Q 

60 

.5 
+-» 
<u 
<u 



Ta- 
rn 

Is 

o <s 

2 <L> 
O w 

CX, - Oh 

p O 
O ^ • 

<H W *0 

' J V « 



o 
o 

3 
6 



o 
co 



2 

PQ 



CO 



_ c 

CO CD 

o E 

VJ GO 

<2 < 

to O 

^ 2 



CM 



<N 
O 



CM 



CO 
CM 



e 

o 
Q 



c 

a- 

CO ctO 



g 



CM 

►S O 

~ B 
^£ 

o ? 
w a 

S « 

to C O 

woo 
Pn m rS 



o 
o 

*s 

u 

o 

CO 



s 

CO 





C 




o 




CO 


o 




C 




<L> 

60 


c2 




G 


o 




» 








tO 




« 


CO 


O 


to 


a, 


p 


to 


cr 


o 










CM 








<N 




O 
i 




vo 




CM 
t 









CO 

cm 



60 

o 



G 
O 

CO S 

c .2 

CO) *h 
< CO 
co c 

a> -g 

2 

co O 
CO • £3 

w c 

<2 2? 

CO 

CO ^ 

cr g 



o 
o 

Is 
a 

(L> 

o 

CO 



Q 



2 

N 
CO 

1 

o 

2 



o 

CO 



CO 

PL, 

c2 .2 

CO (-H 

<l> tr« 

S .2? 

cr "to 

Pi Q 



vo 



CS 
O 

CM 



< a 



S 
o 
o 



Q 

iS 

N 
CO 

1 

o 



CN 



T3 O R 

a eS 2 

„ o 



— > 



to 

» > 



CM 



O 



o 

CM 



c 
o 

CO 

CO** 

E 

CO 

o 

*c 

s 

&■ 



o o 

w< 

On jz; 

O .3 O 

' co 

^ T3 X) 

o ^ 

o £5 

CO <l> 



2 

CM 

o 



£28 

o 

tJ3 on m 
#2 % % 



S 
o 

S 



2 
a 

CO 
4> 
CO 



CM 



CM 

o 



CM 



O 

CO «-> 
U, O 
I— < 

C - 

co .5 
CO <u 



o 

CO 

o 



CtO 

o 



o 

CO 



CO 



CM 

o 
o 

% — 

t: ^ ^ 

O G CM 

a «> o 

to " <— • 



' CO 
CO S 



s 

o 
2 
S 
•c 



CO 

PQ 

<L> 
CO 



o 

CM 



CM 
O 



c 
© 

03 
O 

o 



0 

o 



o 
I* 



o 
H 



0) 

a 

>> 
H 
o 
o 

Q 



o 

o 
CO 



CM 



CO 
<D 
O 

cd 




t: *o (Q 
^ -q r> 



O 



CO ro 



o 



a 

o 
o 

s 



2 
PQ 

CO 



a, 

I 

o 




CM 
O 



w o. O 
G *- 

.2? 8**^ 
«° 

s is 

° pu O 

VO g 
O ^ ° 

• 03 - 

*? « S 
^ pQ 

<=> ^ CM 

W CO o 

£ O ° 



*2 



P4 j> 

00 



oo 
O 
O 
3fc 



a 



~ G 

to 
Q Cu 



B 
o 
o 

CQ 

"C 

s 



CO 
a 

cd 
CO 



<N 
O 



§.§ 

^ 1/1 

? - 
O 

TO Q 

O « 

o £ 
H a 
.S a 

0> rG 



00 co 

S 2 
B 3 



o 

g 
o 

cd 
o 



o 2 

W co 



o 
o 

*s 

o 

o 
cd 



s 



CO 



o 

cd 



3 o 

O C 
<D 00 



OO 

<N 
i 



VO 
CM 



a> o 
^ S3 



to 



c 5 

o ^ 
a> o 

CO ^ 

^ g 

<D 

o a> 
*r3 « 
w x> 
<u o 

a> .2 

CO CO 

H 



( 

CO 



-a 

cd 

<l> CO 



s 

o 
o 

s 



cd 



00 



co 
<U 

cr 

< 
Q 

o 



c 
o 



^> cd 

QJ S 

co \? 

O ^ 

^ c2 



CM 



VO 
04 



| 2 

o o 
Q 

s ^ 

-a 

CO S 



O 
Pi 



2 co 

^ o: 



o 
o 

;§ 

c 

cr 

o 
cd 



co O 



s 

00 



^ to 
O <l> 

o .s 

l& 

td < 



2 

c 
cd 
o 
CO 



00 



to 
cd 

Pu, 



w 2 



o 

<N 
■ 



VO 



cd 
^= 
Pu 



c 
w 

o 
o 



<L> 

X) 

s 

o 
<u 

Q 

S 
o 



.5 

g ob 
oo.S 

S 



o 

CO 

a 

2 
c 

cd 

(D 
CO 



s 

o 
o 

s 

<D 



cd 
< 

Q 



0\ 



vO 
CN 



4> 



oo 
cd 
Pu 



o 

c o 
u o 

2 2 

hi o- 

g.s 

o ^ 

On P 
oo 
O 



c 

..ma 

co § m 

as? 

to -»-* • 

III 



E 
o 
o 

CQ 

•c 



G 

<u 

tG 
C 

o 



^3 

2 

PQ 

G 
cd 
<u 
CO 




c 

o 

a 
o 
o 



a> 
C 

h- ( 

O 

a 

o 

a 
o 

a. 

a> 

o 
U 

C 

o 



CO 

m 
Cm 



a 
o 



1m 

o 



S 
o 
I* 

fa 



o 
H 



a 

H 

o 
o 

Q 



o 

CO 



C3 

Q 



VO 



c 
o 

*-* 

o 

CO 



■ 

o 



CX 
P 



o g 

> ^ 



s 

o 
o 

'C 

s 



Q 



N 
CO 
PU 

"S 

CO 

o 

a 



CU u 

<X, co 

§ 2 

co op 

G *— ' 

C co 

c c 



o 

I 



CN 



.2 *M 

*-» CO 

* J 

CO »~ 
CO CO 

o oo 

2 u 
S3 CJ 

o o 

§ 2 

<? 2 

^ IT 
«? -S 

^ ^° 
o eu 

co ^ 

o £ 

a, «u 

w O 

2 £ 



S 
o 

jO 

3 



•o 

2 

c 

ca 
cu 
GO 



to 



VO 
CM 



X o 
CU O 
s — ' ■♦— » 

I- 

-a 

2 2 
a. « 

cu C? 



O CO 
»— < ( 

s ° 



^ o 



/ — \ *H 



CO 

t: ~ *o 

O <° <N 
" , Oh O 



w i3 « 
tC C co 

2 a% 



S 
o 
o 

PQ 

•c 



2 

CO 



o 

I 

CO 
I 



<N 



CO 

Oh O 
CO co 

fi I 

co Jr 
b O 

o 00 

SO 

CJ 

co at 
O _ 



CO 
t 

o 
o 
oo 

t: 

o 

CO 

is 



.S 



E 
o 
o 

c 

<L> 

s 



T3 

2 
a 

CO 
<D 
00 



o 



CJ 

o 

CJ 



CN 



c 
.2 

u 

t55 % 

^ « - 
O 

— • *ci O 

ca . ^ o 

o .2 s 

O 4J O 

^ Q & 

9 S> <^ 



"^J" co 

CO <U 

« 60 

S « 

O o 

oo o 

s s 



•*-> 

CO /-^ 

^ M 

r> co 

CD 

2 O 

3 ^ 

a ^ 



g 
o 
o 

■c 

CU 



2 



00 



o 




00 
o 



o 

■ 

CN 



VO 



CO 

PL, 



a 



o 
o 
o 

o * 



CO 

o 
■ 

co 

I 

o 

00 

t: 

o 



c 
o 

co 

T3 'S 
^ CO 

rV! CN 

o 



28 

w O ^ 

< =tt 3fc 



o 
o 

s 



2 

PQ 
§ 

CU 
00 



o 




0\ 

o 



CN 



VO 

CN 



C — i 
CO O 

It 

co .£3 

N 

tu o 

co H 

o ^ 
00 vcT 

CN O 

o % 
^ S3 « 

rO • > 

^ »» o 
s* « 00 

« §0 

2Q% 



wo 

O 

c0 
Ph 



S 
o 
o 

5 



<+: 
c 
o 
CJ 



CO 

c 

CO 

CU 
00 



Oh 

D 
O 



CN 



CN 



c 
o 

o 



a 
.2 

.2* 

o 

CM 

Q 



S 

o 

to 



o 
H 



cx 

H 

u 
o 

Q 



o 



CO 



o 
c: 
Q 



<N 



CN 

O 
O 



O 
3t 



.2 g £ 

+-* v — ' 

2 

<* fX, CN 
O i 

o o o 

-G m 



o 

1 



o 

CO 

t; 

o 
a, 
<u 

PS 

is 
a 



3 o 
<a o 
a o 

-2 O 

•§.•9 
£^ 

co o 



E 
o 
o 

5 

c 



JJ 
*3 

co 

G 
ed 
<u 



cx 

o 



o 



o 
o 

<N 



VO 

CN 



00 






O 








o 




CO 


o 




•♦— » 


o 




reati 


proi 




o 


c 




G 




Pa 


ed 










o 


"o 




oo 


& 










o 




■ 


✓ — V 

1 


g 


m 




co 

CO 


SOI- 


03(^ 


(Hus 


t: 


o 




o 


1 

o 


CN 


cx 


O 




o 
% 


i 

o 
o 


CO 








ien 


Ti- 
en 


Mn 


Pati 





e 

o 
o 

CP 

*c 

<d 



co 

c 

CO 

CD 
CO 



o 



<N 



VO 

cn 



C 

CO 

G 

CO 



CO 

E 

a? 



00 

CD ^ 



i-i <D 
0) 

bo 2 

-S ^ 
« o 

g w 

■* . | 

CD 
CO 

^3 o 



<n S 

o 2 



c 

<d 
u 
c 

> | 

^ CO 
* >— i 

.H 

> <2 

o . 

T£ CN 

oo ^ 
o •§ 

o 9 



e 

o 
_o 

CO 

"C 
<d 



Q 



3 

N 
CO 



CO 
-G 
O 



c 

0) 



G 



CO 

O 
^— • 

CO 

1 " 

o % 

2 ^ 
2 « 



VO 

o 



<4-t ^ 

o o 



o 
o 

u 

o 

CO 



CO 

1-1 

a 

CO 

o 
oo 



o 

bo co 

as S 

* o 

O d 

<D bo 



o 

I 

VO 
I 



cx 

o 

£ 

CO 
CX 

6 



2 ^> 

« .3 



a> 

a 

CM 

CD 
CO 

CO 

o 

-o 
a 

<u 



CO 

cx 
3 



o 
o 

*3 
o 

CD 

13 

a 

CO 



CO 

cO 
<u 
oo 



CO 

s 



c 
o 

o 2 

CO CD 

CO i-, 

.& ^ 

*o <□ 

PL, U 

s-h on 

2 « 

CO O 

CD CD 

^ S 

OX) 

« 8 



G 
<D 



0) >» 

2 G 
€X CD 



o 
o 

'S 

O 

CD 

o 

CO 



in 

O 

•4—* 

bo 

CD 

OS 



& 
o 

•»-> 

^co 

S) CO 

£ § 
^ O 

*H o 

o ci 
o v 
cd bo 



ro 
CN 



O 

CN 

v-. 

CD 

E 
*— » 

CD 
OO 

1° 

w o 

3 G 

Si S 

CO _2~ 

co 

o ^ 

E 

x» 

G g 

CX < 

to o 

CN 



vo 

CD 
b0 

CO 



CD 



JL) 
CO 

G 

CO 
(U 

oo 



G 

o 

«^ 

G 
O 



E 
o 
o 

<D 



X 

CO 
(Jh 

< 

Q 



o 

CN 



5 



CO 

o 

-♦— « 
CD 

o 

CO 



CO 

E 



c 

CD 

to 
a. 

cd" 

e 

o 

CO 
O 

*C 

S 

cu 
& 



o 
o 

_ o 
o o 



CO 

ON _ 

<=? -5 



pl, ^ 
g 
o 

. oo 
^ 

o 

«> o *— ' 

<E C£ CO 

^ =tfc 



E 
o 
o 

PQ 

<D 



-o 

Cd 

PQ 
g 

cd 
<u 

00 



O 



O 
CM 



*0 
CN 



00 




O 




00 Z 




O co 




^ o 


o 


W) .G 


u 


"■*— » CO 


o 

s 


S Q 


ex 


> G 


-S 




-o 


O co 




o S 


1 


On <L) 




o cx 



CO cO 

1-8 



o »— » 

o w 

i VN 

VO CM 

o o 



o 
o 



.H co 

PL, % 



S 
o 
o 



cd 
v-t 

PQ 

a 

Cd 
<U 
00 



CO 
O 



o 



CM 



is o 

<D G 
•7 <L> 



PU cni 



O 
(N 
O 
O 



ro 
i 

o 
o 

00 

t: 
o 
cx 

en 

g 



<N 
G 

■ 

cd 
PL, 



C 

co 

*G 
cd 



oo 

cd o 

w <u oo 

cd cx 



S 
o 
o 

s 



*o 

cd 

PQ 
a 

ca 
cd 
oo 



O 



VO 



CM 



CO 

Cg -S 

■s s-g 

»_ CD — 

f cd o 

C « £ 

> — « CQ CD 

' CO 



cd cj 

^ o 

V, <D 

CO ^ 

G 
O 

00 ° 



o 
o 



O D 



» 

G 
CD 

co v 

pu, iS 

CD 

on i_4 

cd r\ 
CD 

o ^ 

CD CO 

|S 

o U 

O H-l 
g % 

§o 

53 o 
-«— » 
o 



S 
o 
o 

s 

<D 



2 

PQ 
c 

cd 

CD 
00 



oo 
On 
O 



VO 



G 

cd 



CN 



« G 
2 *^ 

S 5? 

c < 

CO ^ 

CD ^Z, 
JC i 
CX CO 

<D =tt 
CX 

>^ o 
o 



CO 
CO 

o 

I 

co 

I 

o 
o 
oo 

t; 

O 



O 

cx 

G 

-o 

CD 

1 

CD 



CX ^ 
CD CO 



G 



G 
CD 



cd 

PL, 



6 
o 

O 

s 

CD 



CD 

cd 
PQ 



00 



On 
On 
O 



vo 



CM 



CD 

a 
c 
cd 
o 

13 

CD 
GO 
G 

co o 
— • 

rv « 

cd ^ 
G — 

^ R 

° 8 
i— « ^— » 

o 



CX 

-S 

1 

CD 



CO 

■ 

o 
o 

00 

t: 



CO . 



cd 



G 



G cd 

cd x: 

cd <* 

PL, O 



S 
o 

PQ 
*C 

CD 

s 



cd 
i-< 

PQ 

G 
cd 
CD 
00 



o 
o 



o 

< 

VO 



to 

CM 



co 

CD CM 
2 ° 



H CO 

* o 
- c -2 

^ CD O 

id pu > 

^ CM 



Q 

CO 

to 



TO 

CD 



CD o 

t: • 



CX 5? 



o 
o 
o 



o 

o o ^ 
^- cd 

m cx ^ 

I CO ' 

^ CD 

o V 

00 o _ 

2 

CX 

c*; -a ^ 
" § « 



s 

o 

PQ 
"C 

CD 



cd 
PQ 



CD 
00 



CX 

.2 
"o 

Uh ^ 
Q O 
^ CX 
CD 

>^ \1 
cd 

<o CO 



VO 



c 
o 

03 

o 



ca 

a> 
a 

a 

o 
a, 

CO 

O 

U 

CO 

G 
O 



S3 
CO 

i— < 

m 
i 

CO 



c 
o 

a 

o 

v> 

a> 
Q 



£ 
o 
u 



o 
H 



10 
CM 



•as 

cd _c 
8 * 

•s >» 

O cd 
.G cc 

p g 

g o 

0 C 
3 &0 

1 a 

G G 
CO O 

3 «b 

00 oo 
cu +3 

J: ^ 

2 «> 
o ^ 

s « 

O o. 



a 

H 
a 
o 

a 



o 

is 

CO 



s 

o 
o 

CU 



Cd 

PQ 

G 
cd 
<U 
CO 



o 

■*—> 

cd 

O 
X> 

Cd 

-J 
t 

t: 

o 
cx 

CU 

CO < 



to 

On 
O 



to 
CM 



.S 

"S3 

"1 

O G 



o ^ 
o 

i CU 

O CO 

^ ?! 

<u o 



o 
o 



t; .„ 



EC a 



S 
o 
o 

s 



cd 

g 

cd 

CU 
CO 



a, 

o 




On 

o 



o 

■ 

<N 



>» cd 
cd 

m -a 

CO g 

"O cd 

c S 

cu <d 

o go 

O 

s -S 

U as 

*> E 

O O G 



O 
O 

c 
a 

o 

cd 



JU 
cd 
PQ 

G 
cd 

(U 
CO 



o 
cd 



Pi 



3 O 

bo ca 

o 

O ^ 

a <l> 
< 



o 

6\ 



C 



jG 



G 
cd 

CD C 

CX o 

8 « 



o 2 

G 



"o 



CO 

oo 
vo 

o 



o 

CO 



Is 

2 o 
o 00 

(2 ° 
* ° 

CO ^ 



o 

S ^ 



o 



o 
■ 

o 
o 



Q 



N 3fc 



S 

o 



cd 

CQ 

G 
cd 
CU 
CO 




^1" 

o 



o .2 
o >. 

fcp g 

C w 

o o 
c o, 

.2 o 

co O 

O oo 

> ^ 

.a ^ 

gig 

S co W 
cd put PL. 



o 
o 

is 
o 

o 



o 
■♦— » 
G 



cd 

PQ 

G 
cd 
cu 
CO 



< 
p 



cd 

a 



o 

■ 



rsi 



O 
o 

'c 

0) 
G 

cr 
o 
cd 



N 

cd 
Plh 



cd 



00 

.a 
<-» 

CU 
CU 



cd 



o tr: 



G 



G 
cu 

s 

O 

o 
Q 
oo 

G 
CU 

C 



W CO, 



m 
o 



cd 
CU 
4— » 
c/a 
C 

o 

cu 

Q 



00 
G 



cu 

CU 



o 

cd 
cu 
o 
G 
CU 

•o 

G 

h <-> 



^cu 

^3 

cd 

PQ 

c 
cd 
cu 
CO 



o 
o 

*G 

O 
cu 

o 
cd 



< 

Q 



ca 

s 

CU 



o 

< 



oo 

cu 
oo 
cd 



G 
cu 

G 
O 
O 



o 
G 



cd 
o 
-^-» 
D 
<U 

o 
cd 



Pu 

e 
"I 

CU 



c 

o 

« 

o 



O 

o 



Q 



S 

o 
u 

to 



E 
o 

s 



O 

H 



•a 

2 

m 



o 

00 



H 

u 
o 

Q 



o 



(75 



C3 
ft 




on 
o 



<N 



c 



Pu, 



C 
•o 
c 
o 

o 
o 

•♦— • 

w 

o 
O 



- cx 



oo 
O 



O 
CO 

o 



o 

§? 

cxO of 

o ~ 

«o t— « O 
* • ^ 
<C ^ co 

% 3t 



8 
o 
o 

3 



<L> 

2 

PQ 
a 

Cd 
0) 
CO 



<N 
On 
O 



CM 



s 

o 
o 



-3 

N 

CO 



Cd 

o 

2 



O 
On 
O 



CM 



<N 



2 



e 

o 
o 

s 

*c 



2 
PQ 
a 

cd 
<D 
00 



ON 
OO 

o 



CN 
CN 



<N 



ca 
a> 
o 

t 

co 

O a 

- <D 
c/1 *,£ 
«? 0d 
Oh 



C3 O0 

^ cd 

S 2 

» CO 

SI 

S v 

co .9 

t: "2 

o Z3 

CX f ) 

c2 ^ 

.5° § 

<t! CO 

5 o 



o 
o 
o 

2 
cx 

.3 
-a 

It 

^ <U 

PQ ^ 
A* in' 

<N O 
O O 
i i— t 

£ ^~ 
o ^ 



S 

o 
o 

5 
S 



2 

PQ 



co 



OO 
OO 

o 



On 



o 
o 

o 
■«— » 

2 

Q, 

-S 



o C-h 
on O 
2 £ 



.2 -2 



o 

OO 



£ * 5 

t go 



to 



s 

o 
_o 

CQ 

'C 

<L) 



-a 
2 
OQ 

G 

<u 

CO 



OO 

o 



o 

t 



a> 
t 

CO 

b 

o — 

2 8 

So O 

.2 e 

bi -a 
O ^ 
- o 

o ^ 



s < ° 

• < a 

o ro ^ 

CO O « 

t: 

O <N m 

o o o 

P« % o 

w ^ o 

<b tj- 



s 

o 
o 

c 



2 

PQ 
a 

cd 

(U 
CO 



iO cd 
— CO 



OO 

o 



c 
o 

€3 
U 

o 



c 

O 



Ui 

o 

en 



H 

o 

fa 



o 



4) 

a 

H 

o 
o 

Q 



o 

55 



CO 



G 



On 
O 



^1- 



s 

o 
o 

s 

*C 



N 
cd 

cd 
43 

o 

2 




oo 
o 



O 

S ° 

2 2 
2 2 

Q, Oh 

CD .5 
u. 

O XJ 



S 
o 

PQ 
cd 



cd 
PQ 



<L) 
CO 



OO 

o 



Cd 
43 
PU 

*u 

C 
cd 

CO 

co 
O 



CO 

cd 
43 
Pu 

CO 



2 o 
a, JL, 

<N % 



a 

o 
o 

s 

*C 
cd 



Q 



cd 
Oh 



cd 
43 

o 



oo 
o 



C 
cd 

C 

cd 

.5 <u 
Jj > 
2 
§ co 
> • 
2 ^ 

00 CM 

. - o 



53 ~ 
cd g 

x b 

O cd 
43 

< 3 

•a « 

G . 

a O 

%H 

cd cd 

Pi PU 



CM 

o 



C 
cd 



7'l 



P^ 



"i I 

22 > 

cd 

•J H 



a 

o 
o 

PCI 

*G 



Q 

s 



3 
-a 

N 

cd 

Ph 

& 

43 
O 

2 



£2 



oo 
o 



CO 



n 

a ^ 

Cd « 

S o 

<s ^ 
OS 

3 ° -8 

CO § £} 

o S A 
£ ^ o 

t: .g~:j 

&a^ 



& 6 a 

2 o 
§ § 

^2 



is 



S 
o 
o 

s 



^3 
cd 

PQ 
a 

cd 
CD 
CO 



o 
oo 
o 



ro 
CM 



cd ^ 

-2 2 
50 2 
o <u 



x> — \ 



cu _ 

* O 

3; o 
o ^ 

CO % 

— G 

O « 
CO CN 

. cd o 

^ CO o 

. 2 8 
On a, o 

c a s 

^ >> ^ 



a,' 
Pi 



a 

o 
o 

s 
s 



cd 
PQ 
a 

cd 
00 



oo 
o 



C 

a 



o 



CO 



a 

cd 

<L) 

40 
40 



cd 

< 

Q 



oo 

CN 



o 

CD 
00 

cd 

PL, 



13 
CJ3 

a 
o 
O 



a 



cd 
o 
••-» 

o 
cd 



cd 
43 
PU 

a 

0 



11 



CO 

<n 
o 
i 

»— • 
■ 

o 
d 



* — ' 

CO 

o o 
9 -S 

s - 

o 3 

to P 



00 

s > 



O 
O 



o 
o 

2 

8 

Oh 



S 

o 
o 

s 
s 



s 

PQ 



O0 



.S3 
"S 

Q o 
£j a) 

Q ,s 

^ 00 



OO 

o 



<N 

1 



01 



-a 



03 

.3 
00 



^ £ < 



fx, 



° O c; 

S 2 U 



is o 

a> C 
O ^ ^ 

00 ^ m 

0 2 W 



cx 2 



o 
o 

cx, 



S 
o 

2 

5 



2 



00 



ON 

o 



o r- 
<u o 

03 O 

s 5 

co 03 

2, 

cr 00 

co 



ft! 



to 

CO 



^'6 

!■§ 

o 
o 

<N 



o 

<N 



<u 
cd 

DO <D 

.2 e 

9 2 

8 cx 

< 00 



co 
ex. 

+— ' 
-♦— • 

O 
P 



<u 

00 



2 

"J3 

X) 



a 
o 
a, 

CO 

£ 

O 



vo 



4> 

v-. _ 

2 S 

CO 



•a 



^ 2 
2 s 

CO <D 



VO O 
Q P 



.S 

— « *0 co 

^ S x 

00 5 £j 

£ ^ g 

^ x o 



S 
o 

.2 
CO 

*c 



2 

PQ 
c 

CO 

<u 
00 



VO 

r- 
o 



t 

On 



fi 

00 



o 
C 



B 
o 
o 

s 

*c 



p 

-a 

N 
CO 
Oh 

1 

o 

s 



o 



4> 



a> 

N 

c 

o 

03 

2 



CO 



s 

o 

s 



Q 

N 
CO 
Ph. 

1 

O 

2 



o 
c 

c 
o 
cx 

CO 

t 

o 
U 



D 

a 
o 

O 



o 



1 

On 



a 

CO 



5! o S 
3 £ £ 

co <U G 



> 
<L> 



CO 

■ 

00 

Oh 



o ,p 

< C 

^ "5 

<u « 

C 6 

!•§ 

*i3 to 
CO c 

^ ST 

rt> *l> 
^5 to 

.31 



^ o 

0 a* 
c 

< 



6 



•5,2 
2 u 

CO 

o 



s 

o 

S 



Q 



N 
CO 

fx, 

1 

o 



o 
a 

4> 
X) 
C 
O 
CX 
co 

t 

O 

U 
lo 

a 

O 



*n 
o 



c 
o 

CI 

o 



X 
cu 

a 

cu 
o 

a 

cu 

a 
o 
cu 

<u 

o 
U 

a 
o 



CO 
i 

CO 



a 
© 



o 
ft 



£ 
o 
u 



o 
H 



a 

>> 
H 

o- 

ft 



o 

z 

CO 



cu 

ft 



m 
co 



c 
o 

ca 
a 
op 

"to 

.cu 



CO 

cu 

<2 



CU 

x3 



Q 

s 

N 

ca 
x! 
o 

2 



C 

o 

CJ 

C 
bp 
"to 
<u 

Q 

o 

CO 



to 



PL, 



m 
o 



o 

I 

o\ 



O 

O 
O 



3 



X! 



g 



a 

o 
o 

s 

"C 
o 

s 



2 

T3 
N 
cd 

Oh 

1 

xi 
o 



o 



On 



co 

cj • 

to CO 

to 

C 



iS 
a, 

c 
o 



<U 2 
P. to 

to 



CU 

a 4 

CU 



Q 

5 



e 

o 



cu 

rt O » 

i s s 

PL, *0 g 



Oh 



X) 



3 

N 
cd 
Pl 



cd 
X3 
o 



CU 

o 
C 
cu 

a 
o 

to 

g 

O 

U 



cu 

G" 

cu 

a 



o 



-a 

S == 
5 o 

S £ 
c w 
o 

o 

— « » H 

£ * 

o 



CU 

P-, 



00 



o 

CO 

6 

t; 

o 

CU 

co w +5 



On 

a 

O 

s 

cu 



U 
O 

*o 
o 
O 



o 
o 



s 

PL, 



S 

o 

c> 

PQ 



aJ 

CO 



cu 

CO 



I 

o 




o 
r- 
o 



Q 

CO X 

.S ^ 

to 

co 2 

1 1 

C4-I <4-t 



<N <N 

o o 

o o 

o o 



e 

o 
o 

5 

*c 

cu 



a 



N 

otj 

PL 

1 

XJ 

a 

s 



On 
VO 
O 



O 
■ 

O 



1 S. 



CU 



C, o 

o ^ 
P o 

^ CO 



CU w 
PL 



O 



ON Q .§ 



O 

m CO 



co 

A O 



C3 

KJ CO 

cu O 

0L <N 
^ O 
CO d 



o 

CO 

d 

o 
cx, 



o 
a 
x> 
«j 

a 
.2 
o 
a 



T3 
"3 

cu 

PQ 
O 
W 



s 

o 
o 

5 

s 



ju 

s 



cu 
CO 



oo 
VO 

o 



oo 



o 



a 
o 

"C 

cu 

*C 
a 

a 
o 

CO 

c 

cu 

•s 

CU 
co 

*> 
CU 



<N 
O 
t 

O 

o 

1 — i 

m 



SZ<2§ I S 



S 
o 
o 

PQ 

■c 

cu 



^3 

N 
CO 
PL, 

1 

X! 
o 

s 



s 8 

S PL 



O cu 

o oo 

O G 

2xi 

PL O 



VO 
vo 
O 



a 

o 

« 
o 
o 
►4 



■a 
o 



o 

CO 

Q 



E 
o 
I* 

fa 



o 
H 



cu 
>> 
H 
o 
o 

Q 



o 
Z 



CO 



Q 



G 

CO 

WO 
CM 
O 

o 
o 

co 



T3 

a 



s 

o 
a 

CQ 



Q 

■ j-T 

-o 

N 
Cd 
P-c 

•a 

cd 

43 





co 






s 


O 
O 


-a 


o 


a 






o 




Ph 




.3 


~o 




o 


00 


o 


c 


rot 


ha 


a, u 



vo 

o . 



cm 



o 

CM 



8 .1 

TJ cd 

s ^ 

>\ to 

OT s 

O co 

8 & 
S 2 

O 
' o 

co 5 

J. 5 

o " 

si 

P- o 

CO > 

i; 43 

#-< CO 



o 

CJ 

"o 

o 
o 

o 

CU 

.3 
-o 

Is 

o .2 

£o 

—< co 

o oo 
% o\ 



s 

o 
PQ 

•c 



Cd 

m 



CO 



vo 
o 



o 

CM 



o 

>? 2 

o 
*> 



8 



co 

co •<-« 

cd .|5 

-O cd _ 

P K 8 
o 2 

"J 2 

<L> PL, 

c .3 

Cd 

„ 43 
o 



o 
o 



o 

& 



Cd 



go 

c Q 
< 

o ^ 

- § .§ * 
3 £ 3 -§ 

oft. 5 



o 
oo 

d 
Z 

t: 
o 

co 



a 



Jos 



3 
o 

PQ 
C 



cd 
CO 



vo 
o 



o 



o 



bo 



3 
o 
o 



-a 

N 
as 

-a 

CCJ 

o 



o 
C 

*o 
c 
o 
cx 

co 
t> 

o 
U 



G 
<l> 

o 



m 
vo 
O 



o 

CM 



o 

JO 

3 _ 

a> o 
^ o 
o 



s 

PL, 

o ^ 
^ o 

I 

O — 
CO O 



o 

CO 

C 
a> 

IIS 



OS 

Z o 



sis 



s 

o 
o 

PQ 



S 

CO 



cd 
CO 




CM 
vo 

o 



CN 



o 

CM 



> 

o 

cd 
CO 



O co 



pq t: 



u. o *-i 

O ^ ,o 

^ co ^ 

CM CM CM 

r- r- r- 
«o <o 



^ «n \o 

CM CM CM 

o o o 

I I I 

o o o 

o o o 

5 5 5 

m m m 



3 
o 
o 

S 

s 



Q 

-a 

N 

cd 

PL, 

1 

o 

2 



3 ^ 

T3 O 

a 



cd 
&0 



<-> »-H 

£ Z 



vo 
O 



3 g 
<u o 

o % 

5 -2 
c ^ 

p 



o ° 



CM 
O 
i 

o 
o 

5 

CO 

s 

o 
o 
o 

o 

PL, 

.9 
*o 

PQ 
O 
W 



CO 
<L> 

cd 

PL, 



O pQ ^ 
O 



o 
o 

cd 

cd 5 

PL, O 



3 
o 
o 

PQ 



0 
<l> 

Id 

a 
o 
O 



cd 

PQ 

c 
cd 

CO 



o 

vo 

o 



o 

CO 



o 



cd 
u 

O 
cd 



cd 

43 
Ph 

3 

=3 



c 

.2 
+^ 
a 

o 



<y 
t— ( 

a 

a 
o 
a, 

v% 
O 

»H 

O 

U 

G 
O 

CM 



i 



S 
o 

to 



o 
H 



r- 

13 
a 
o 
*••-» 

CO 

C! 
cd 



6 



o 



T3 



o 

o 
o 



ca 0 

9 .S 

2 3 
.a 



a 

o 
o 

5 
*c 



Q 

s 



3 
*o 

N 
cd 
Ph 

•§ 

u 

5 




O 

z 



1* 

4) 
C/5 



03 

Q 



0\ 

o 



CN 



si 

Cd <L> 

SB 



S -2 



00 m 



15 

CO 

O 



o 



eg 



Ou - 
CD 

co C 

"i-i O 

3 



co 
oo 



73 CJ 
S O 

III 

2<s .s 



e 

o 
_o 

m 

•c 

<L> 



s 

PQ 
a 

cd 
<L> 
GO 



OO 

to 

o 



o 

On 



O 

co W 
cd O 

§| 

i *o 

<u 

co o 

- s 

o o 

00 ^ 

o O 

" 

* a 

CO U 
— . • •-• 

<u a 
fa Pu. 
^ Coo 
cd On 



CO 



co 



cd 

| S o 
2 > J 



S 
o 
o 

s 
s 



s 

ffl 



CO 



a. 
i 

o 




o 



ON 



c 
o 

CO 

c 
o 

a 



oo 
O 
O 
3fc 



m c q 

0 "5 ? 

1 ca i-i 
ro 

-a cn 

_ <l> o 

O «« 1 

v e « 



c3 O 



s 

o 
o 

s 



-o 

cd 

a 

cd 

a> 
00 



00 



VO 

o 



ON 



O 

c 

>% 

2 
5 o 



o 

CO 

C 
<L> 

.2 



Cd ^ 



o 



CM <N CN 

r- 

10 *r» 



^- <n 00 

<M CN CN 
OOO 
1 1 1 
OO — 
OOO 

CO CO CO 

222 



s 

o 



Q 

2 

v-T 
cd 

-a 

o 



Pu Z 



o 



o 

CN 



CN 

O 
1 

o 
o 

ft I 

o o 

<N O 
O O 
1 -*-• 



GO 



T3 

o ^ 
5} 0 

2 <u to 

a w <d 
2 1/1 



a 

o 
o 

s 

CO 



-o 

cd 

c 

cd 
<u 
00 



cd 
00 




o 



c 

S 
-a 



On 



00 

On 

s 

oCQ 

o — 

^ o 
o 
o 



co 

1 

o 
o 

00 

o a> 

0 S 

ex 0 

4> iO 



2 
o 

c 

cd 



Pu, -o 
* C 
^> cd 
00 a 

o « 



e 

o 
o 

"C 

<D 



2 
en 

c 

cd 
OO 



cd 
GO 




co 
O 



CN 
CN 



VO 



00 
cd 
CX, 



C 

O 
O 



o 



cd 
o 

<U 

o 
ca 



cd 
Pu 

a 

"E 
c 



c 

o 

el 
o 
o 



o 

C 
HI 

a 

a 
o 
a, 

a> 

o 
U 

a 

o 

C/5 



CO 



CO 

I 



a 
o 

a 

a> 

a 



s 

o 



o 
H 



a 

o 
o 

Q 



© 



€1 



ra 3 M 



cd 

a 

S -2 

cj 
C 

i-s 

9 § 



o 
a 
O 

o 
.5 

1 

O 

8.1 

+_» CO 

S3 

- - j w 
cd io 
Ph <N 

X o 
go 

§2 

CO S 



e 

o 
o 

s 



cd 
0Q 



oo 



Cd 

oo 



<N 
VO 
O 



cd 

•O 

oo~ 
<N 

o 



a 

cd 



m 
i 

o 
o 

00 

d 

t: 

o 
cx 
a> 

Pi 



o 
o 



t=* vo 
o ° 



sago 



a 



s 

o 
_o 

m 

"C 
u 

s 



cd 

c 

cd 
CO 



vn 
O 



o 

<N 
i 



5 

H . 
2 ° 

I 8 

o 

o 2 
S ^ 
J. .3 
^ *o 

i 

s 1 
oo a 

. o 

t: o o 

^ tz 
« ^ O 



2 



oo 



(2 ^ 



s 

o 
o 

S 

<u 



CD 

a 
a 



CO 

oo 



O 

o 



VO 



«3 

s 

8-2 

S a 

J 'g 
/? °^ 

Ox ^ 
— • *o 
O G 
■ cd 

* TJ 
O ° 

oo .52 

t: -2 

o ffl 

o 



o 
o 
o 

o 

.s 

~o 

& 

0> 



% .a 

CO 

CO to 
CU <N 

— r ° 
S o 

|2 

cd S 



s 

o 
S 



cd 

c 

cd 
<u 
oo 



cd 
OO 




o 



VO 



c 

cd 

to <U 



oo 
C 

o 



o - 

o -S 

X> o O 

73 ^ -S 
o a G 

s 

-H ^ 5 
9 

O cd O 

r5 2 > 



a 

o 
m 



N 
cd 

*o 
cd 
o 



oo 

o 



vo 



c 

cd 



<N 

r- 
v> 

-o 
a 

cd 
oo 

CM 

O 



o 
o 
o 
o 



a 

o 
o 

CQ 

*C 

CD 

s 



Q 



X) 
N 
cd 



cd 



o 



vo 



c 
cd 



CM 

c 

cd 

<N 
O 
i 

o 
o 

5- 
m 

o 
o 

o 

(X, 



s 

o 



Q 

s 



D 
T3 
N 

cd 

Oh 



cd 
-G 
o 



c 
6 

G 

1 1 

2 | 

Oh Z 



vo 

o 



VO 
VO 
CD 
60 
cd 

Ph 



a 

O 

O 



o 



cd 
o 

-4— » 

O 

cd 



Pu, 

a 



e 

o 

o 
o 



e 

o 



o 

CO 

Q 



S 

© 

u 



o 



a 

H 

o 
o 

o 



o 

is 

I 

CO 



c 
-~ o 

C> CO 

GO -g 
c-2 

o . 
o 

S <2 

Jh pq 

v-l ^ 

4-4 U~i 
CO co 
<N <N 



<N <N 

O O 

i i 

o o 

o o ^ 

^" ^ bO 

22 w 



S 
o 
o 

CQ 

"C 

2 



N 

CO 

a. 



CO 

o 

2 



PU £ 



o 



o 
o 
o 



- PU 

o .g 

o j: 

:=: 

ro o 

o o 

00 ^ 

6 5£ 
o - - « 

CI, c0 5 

« .8 O 

ts s 

In 4> 

;d c0 m 
Jo CO ON 

P§ 



s 

o 
o 

s 



JL) 

2 
PQ 

S 

oo 



■«-* 

CO 

OO 



o 



CO 



O 

*s 

o 

CO 



*o 

N 
CO 
PL, 

-s 

CO 
-G 

o 

2 



o 



u .5 



<N 



o 

CO 

*o co 
§ S 

^ CO oo 

\f ^ o\ 

C a 
O Q 



■ 

o 
o 

00 



5 " 



(D 4> 

5 g 

c2 8 

«o rzi 



o 

Ph 

.S 

G * 
g o 



CO 



S 
PQ 
c 

CO 

oo 



<N 

o 



6 
o 



Q 



3 
-a 

N 
CO 



CO 
X! 

o 

2 



G 








6 


o 

O 


X) 


O 


c 


■4— > 




o 




Pu 




.s 


o 


a> 


•a 


bo 


o 


c 


rot 


ha 


Oh U 



o 



P £ 



j-i c0 

cux> 

CO W 

^ =» 

CO « 
c0 

<U C 

co 

CO w 
^ cS 

CO 

oo 



s 



• ° m 

(J « o 

O a J. 

(J oo 

S 2 S 

-o 

IS o 
a > o 

.H *5> 2 
^ o o 

<L> 



e 

o 
o 

PQ 

"C 

2 



CO 

PQ 
c 

CO 

<u 

00 



t: 
o 

o 

CO 

-4— < 

C 
o 
O 



T3 



a> 
CO 
CO 

Pu 



x: 


H 




CO 

CO 




V-. 


C 






<u 




VO 




O 






O 
• 








• 






G 




m 
i 




^ — s 




CO 

Pu 


12 


OS 


ws 




C 


(Orlo 


No 


O 
«-» 


t: 


G 

cu 

-*— » 


o 




a. 




CO 






oo 


OS 




On 


CO 




O 


3 


•g 


LCC 


O 






I 


LCUlS 


toco 




CO 


o 


s 


ve 


Pr 



9 

Pu 



G 

G 

O- 



PQ 

S 
oo 



CO 

oo 




o 



o 

I 

CM 



c 

o 

ci 
cj 
o 



a 

o 



In 

Q 



o 
u 



o 
H 



CM 



JD 

*0 

cO 

PQ 

G 
CO 
<U 
00 



c 

CO 

IS 
x> 



a 

>> 
H 

CJ 

O 

Q 



o 

"C 
a> 

CO 



Q 



PL, 

Q 



bo 



co 
xt 

Oh 



C 



CO 

(L> 

a o 

4> i 

co 01 



o 3 

J? O 



-O 

cO- 

CQ 
G 

CO 

<u 

CO 



a. 



CO 



IS 



Q 



on 



3fc 



2 <^ 

^ c 

o .2 

9 3 
— . cu 

o O 
o £ 

w c 
o .2 
2 o 
t: 2 

O ~ 
a « 

^ -2 T 

j» S3 oo 
a> *5 __; 

O <-> 



a 
2 
"2 

c0 

< 

O 



.3 2 
~ o 

- — « J-i 
ca n. 

S c 



PU 



cd 



JO 



CO 

c 

CO 
O0 



o 
o 



3 
o 
<u 
1-1 

ro 
a 

CO 

cx 

c0 
PL, 



<N 

*o 

CO 

ON 
<N 
O 
1 

o 
o 

^? 

"o 
o 

o 

» 

o 

1-1 
(X, 



a. 



CO 



X> 
X> 



Q 
S 

j-T 

CO 



cO 
JC 

u 

2 



5 o 

H o 

< o 

o 2 

o Pl, 

2 * 



On 

o 



CO 



to IO 

c a 

CO CO 

tJ- vo 

<N <N 

O O 

■ 1 

o ~ 

o o 

o o 
o o 

o o 

Oh Oh 



c 

c0 

IS 



=3 

N 
CO 
Ph 

-o 

I— » 

CO 
o 



o 

.2 8 

CO o 



o ^> 

I . — * 

^ o 



CO 



S2 
o a 

1-1 CO ^4 
O CL, « 

Ou ^ ^ 

S o 

oj 00 

a on 
•2U 
o U 



2 

O 
CO 



CO 



JO 



CO 

pa 

c 

CO 

CO 



m 
o 



<N 



U 
O 

o 



15 

O at 



CO 

CO 

PU 



Q« co 
S ^ 

o o 



s 

■t— • 

CO 

CD 



2 g 

co ? 

g o 



« 3 ^ 
^ 5 u 

«J o >, 



PL, 



a 

CO 



c 
a> 

C^ 
C 

o 
U 



CO 

C! 
cO 
O 
O0 



c 

JO 

C3 
O 

o 

1-1 



a 

o 



u 

o 

Q 



o 

In 



O 

H 



H 

o 
o 

Q 



o 

CO 



2 



CO 



c 

CO 

s 

'I 



s 

N 
cd 

1 

,G 

o 

a 



G 



a" 
o 



vo 
O 



"o 

> 

d 

co 
"C 
<u 

CO 



o 



C 
<D 

E 
g 

o 
o 
-a 

bX) 

eg 

*c 
-S 

■4— » 



CO 

Oh 



<D 

CO 

G 

CO 



Q 

S 

j-T 
G 

N 

PL, 



o 



o 
G 

<D 

-o 

G 
O 
CX 

CO 

o 
O 



G 

a 



CO 

co 

o 



c 

cG 

•c 

x> 

G 
a> 



CO 

as 
X! 
PL, 



-a 

G 

W 



9 



G 
cd 

jo 



jo 
:g 

2 
cq 

G 
CO 
<D 
CO 



o 
c 

-o 

G 
O 
CX 

CO 

<U 
t-. 
O 

O 
2 

<u 
G 

a 



co 

O 



i 



C 

-2 

CO 
N 

*c 

O to 

■£ « 

CO CO 

§ * 

a> cd 

^ G 

O O 

~ To 

*"D co 

■b g- 

<T o 

Si « 

CO 03 

CO o 

X! ~ 

* J 

co CX 

G «* 

Q £ 



h3 

cd 
j-. 

CP 

G 
co 
a> 

CO 



G 

CO 



t: 
o 

CX 

<L> 

o 

CO 

G 

o 
O 



3 
O 
co 

-5 

o 

.3 

G i3 
G CX 

<D G 
co « 



<L> 

o > 
§ § 

II 

~L cx 

CX 



IS 



P 



N 
CO 



CO 
-G 
o 

5 



O 

G 

<u 

G 
O 
CX 

CO 

o 
O 

<u 

G 
O 

O ' 



O 



CO 
CM 



4> 
O 

o ^ 

2 o m 

~ ^ *s 

o < |> 
O Q G 

2 g 

7! -S o 
° J> o> 

-s - r 

Ph <D 

g o<g 

93 -G c 
G ^ 5 

-2 o i: 

G *g ccj 



CO 

S 

IS 



OO 

to 

GO 

CO 
Ph 



G 
o 
-o 

tG 
G 
O 

O 



2 

03 



CO 



o 

CX 

p^ 

o 
co 
•*-* 
G 
O 



a 
o 

a 
u 
o 



a 

o 



o 

a 



S 
o 
u 



o 
H 



a 

H 

a 
o 

Q 



o 



o 

c/o 



C3 



o 

cO o 
O PL, 

o 

o J£ 



<L> 



00 % 

o S 

£ .Si ^ 

o ix, « 

t-c O w 

s s * 

cO « 



G 

CO 



CO 

PQ 
c 

CO 

a> 
oo 



ca 

oo 



O 



vo 



s 

oo 
c 

"S 

s 



^3 

CO 

PQ 



oo 



c 
S 

C 

II 

o 2 

O Pl, 
o ^ 

2 B 
a: z 



o 

CO 

o 



o 
o 
■ 

o 

CN 
■ 

CN 



«J OO <L> 
Ph VO C 



s 

oo 
c 

CO 
CO 

s 



<D 

^3 

CO 

m 

CO 
<D 
00 



On 
O 



O 
O 



CN 



CN P 

o S 
To rt 

< J 

£ 2 

o 



o 



o 



> 
9- w 

O cO 



8 .2 



00 
OO 



6 

00 

2 

CO 

2 



JD 

3 

CO 

pq 

c 

c0 
<tf 
00 



o 
o 

• 

CN 
CN 



<D 



CD 

oo 



g 

00 
CO 



o 
c 

a 
o 
cx 

CO 

o 
O 



a 



o 
o 

I 

CN 
CN 



s 

oo 
c 

CO 

*c 

CO 

s 



^> 
3 

CO 

PQ 
a 

CO 

oo 



S 



o . 
o 

I 

o 

CN 



On 

CO 
CO 



e 

oo 
c 

CO 

*C 

CO 



a 

«^ 
a 
o 
o 



CD 
00 



u 
a 
<u 
•a 
c 
o 
Cu 

CO 
CD 
»-i 

o 
CJ 

"co 

V- 

<D 
C 
(D 

a 



o 
o 

t 

o 

CN 



c 

.2 

d 
o 
o 

■J 



a 

o 

a 

a 
o 

0< 

<u 

o 
U 

a 

CM 



CO 

m 

CO 



a 
o 



a> 

a 



s 

o 



o 
H 



H 
o 
o 

Q 



o 

z; 



CO 



CO 

Q 



vo »-h 

° ca 

^ CO 

"co 03 
o g 

«2 * 
:r ^ 

P 

Q ^ 
^ > 

o <u 

a, 

. O cd 

.SP-3 

00 & 



B 

00 

c 

CO 

'S 



2 

PQ 
c 

<0 
00 



O 

o 

I 

o 



y> o 



GO 



Oh 



o 
a 

a 
o 

Cl- 
ew 

a 

o 
O 



a 

a 



o 
o 

t 

o 



O 

CO 3t 



. CO 



.2 

^ -5 > 

2 So 



X> <^ 
Ai _ oo 

' :s .s 

3 " 



<D 



O GO 



0> 



9:3 8 

£ £ 2 



S 
oo 

a 

cd 

•c 

CO 



CO 
PQ 



00 



CO 

00 



oo 

O 



o 
o 

I 

o 

CM 



6 

CO ^fr 

o oo 
— o 



o o 
So 
6 S 

5 -S 

O TD 

ex. a> 

Pi O 

s - 



a 

CO 



o 



£ O 



a 

00 

c 

CO 
CO 



c0 

c 

CO 
<D 
00 



•4-* 

CO 

oo 




o 



o 
o 



o 



0> 



o 

o 
■ 

r— < 

d .a 8 

^: « 

Ph JO w 

"i. 'C Os 

p ^ OO 



o 



C 
cO 



CO 



CO 



O 



S 

oo 
c 



CO 

PQ 
c 

CO 

oo 



c0 
00 



vo 
O 



o 
o 

I 

OS 



CO 

o 

5 '« 9. 

U. OO 
P OA 



T3 



g ^ U 

oo ^ y 



CO 

o o 



CO 



^ 2 

CO 



2 

^ CO 
0 



o 
o 
o 

a 

.„ .S 

OX) -o 



CO 



s 
s 



o 

<D 



CO 



6 
oo 

c 

CO 

C 

CO 



CO 

PQ 



<D 
00 



<N 

o 



o 
o 

I 



o 
o 

CJ 

O 



o 
• -a 

o s 



t; g i2 

O 4) co 

W c0 o 

^ ^ -C 

50 O 

^ to ^ 

^ go 



o 

VO 

o 

OD 

CO 

PU 



s 

oo 
c 

CO 
CO 

s 



a 
-a 

a 
o 
O 



CO 

PQ 
c 

CO 

a> 
oo 



CO 

OO 



CM 

O 



o 
o 



a 



CO 

o 

<D 
O 
CO 



CO 

Oh 

s 



c 
o 

03 
O 

o 



o 



o 

CO 

O 



£ 
o 
u 



o 
H 



o 
o 
o 

CM 



CO 

•♦-» 
c/i 

G 

OO 
i 

ON 
ON 
On 



On 
CM 

-4-» 

CO 

§> 
3 



co 
i 

O 

o 

00 

g 

G Cd 

.2 on 

il 

CO 

g i 

i o 
§<oo 

-2 

o ^ 

| 8 



oo 
<N 
O 



a 

CO 

G 
cd 



2 

G 
cd 
<u 
oo 



H 
o 
o 

Q 



CO 



Q 



CO 

CN 
O 



O 
O 



CO 



.3 



S 

00 

a 
a 

C 

Cd 



2 



4> 
00 



CN 
CN 
O 



O 
O 



P I-. 

w g 



oo 
CN 
O 
i 

CO 



c 



o 

o _ 
6 S3 

£ £ J 

a *° o 

«s « o 

i| 6 

S *5J Z 



s 

oo 

G 

.2 
*C 

CO 



2 
c 

Cd 
OO 



CN 
O 



o 
o 



Cd 

cu . 
p o 

c o 

^ o 
co o 

O u. 

^ Pk 

^ G 
CO 

§ ^ 

oo 73 

6 & 
n. * g 

co cd 
^ On 



6 
OO 

g 
cd 



2 

G 

cd 

00 



oo 




o 

CN 

o 



o 
o 

I 

On 
CN 



u 

U 
•—I 



G 
O 



q \G 



o 
u 
o 



* 1 

•"^ I-. 

* <D 
G o 
O w 
oo cd 

& 

^ Q 

CN 

co 
wo oo 

^ On 



s 

O0 
G 

"S 



<u 

G 
05 
<l> 
00 



G 

-o o 

S E 

G 

o £ 

a | 



On 
O 



O 
O 



CO 

CN 



cd 

a. 00 
x> c o 

' CO 



^ 3 On 

00 — H 

. cd CJ 

O C >_1 

t: -o ^ 

td 

2 

CO 



O 

o 

_ o 



g cd 
3 cd" C 



<S cd a> 
G — 



00 

G 
cd 

•c 

cd 



=3 
2 
m 

G 
cd 
<u 

00 



cd 
OO 



oo 
o 



o 
o 

I 

CN 
CN 



o 

DO 

w On 
<U 

> i 

,a> oo 

^ On 

o S 

S Q 

i 

~. O 

CO ^ 

o 
oo 



vo 

<u 
cd 



o 
o 

» 

a 2 

O -o 
CX, <L> 



1 

4> 



5 o 5 

cd ^ cd 



s 

00 

G 
cd 

•a 

cd 



G 
<U 

*o 
«G 
G 
O 



cd 

PQ 

G 
cd 
<U 
O0 



cd 
00 




o 



o 
o 



c 
o 

« 
o 
o 

1*1 



a 

o 
a 

a 
o 
a 

o 
U 

a 
o 

«5 



CO 
I 

CO 



a 
o 



o 

VI 

CD 

Q 



E 
o 
u 



o 
H 



a 

>^ 
H 
o 
o 

Q 



o 
CO 



o 
o 
o 



„ IX, 

l- s 

v-. "O 
* <L> 
CO :G 
(N O 

9 £ 

6 * 

o ^ 
00 S 



6 S ^ 

£ ^ $ 

t: >; o 

O i u 

* 2 

- M Js **> 

s £ 

g g o 

I 



a 

CO 

a 
co 



jy 

cd 
PQ 
c 

cd 
O 
00 



cd 
GO 



VO 
O 



O 
O 



•O -l* Ji5 

-S3 a .2 

D Mi :G 
£cS cd 



a 

00 

G 
cd 



cd 
PQ 



00 



t: 
o 
a, 

■«— • 
o 

2 
c 
o 
U 



o 
o 



a> 



8 1 

o % 

O w 

• a 

m as 



o ^ c 

-a -S» 

o u 
2 2 o 



6 
00 



Cd 



cd 
Pu, 



o 
Q 



o 



o 
o 



"cd 



& 

00 

G 
cd 



^3 

cd 



00 



t: 
o 
a, 

o 
cd 

G 
O 
O 



o 
o 

• 
I 

VO 



_G 
«— * 

cd 

a* . 

0 o 

G O 

. o 

— . o 

. ■*— • 

5 2 

g 

co — 1 

00 'q 

6 £ 

o *-* cd 

eS g "9 

u. cd ca 

<L> Qh *G 

o g O 

•s a 

vj u 00 



s 

00 

G 
cd 



cd 

m 
S 

00 



cd 
OO 




o 



o 
o 
1 

VO 
1 

VO 



G 
bp 

*S 
00 



<N 



.0 
o 

d 

2 ^ 

o 00 

£2 



5 

6 
00 

c 

cd 

•c 

cd 



2 

PQ 

G 
cd 
<D 
00 



G 

<L) 



G 

G O 

G o 

< O 

o S 

O CU 

ii 



m 
o 



o 
o 



<N 



o ^ 
o — 
o o 

2 o 

Q-. o 
I-* 

cx 



VO 
bO 

cd 



CO 



CO 

O ? 

c .8 

CO 

.2 « 
6 -° 

si 
•28 

CO ^4 
CO <<, 

O CO < 

•J? o P 

Q O Uh 



S 
00 

G 
cd 



G 
O 

G 
O 



J) 

cd 

PQ 

G 
cd 
<u 
00 



t: 

o 
cx 

o 
cd 

G 
O 



o 
o 

I 

o 

<N 



c 



cd 
u 

a> 
o 

CO 



cd 

6 



e 

JO 
CZ 

o 

.J 



o 
o 

a 

C 
O 

a, 

J* 

o 
O 

o 



S3 
CO 
1— ( 

I 



a 
o 



o 

CO 

a 



o 

fa 



o 



a> 

a 

H 

o 
o 

Q 



o 



CO 



C3 

Q 



Ok o 



c 

co 
o 



o 

co 
C 

CO 



s 

cO 
C 

S g 

Q 2 
* a> 

g to 

§.§ 

•a * 

o <i> 
a i-4 



CO 

CO 
<u 
CX 

"3 
o 

Q 



S 

CO 

a 

CO 
cO 



ti 

<D 
C 

e 

<L> 

-o 
o 

.§ 

< 



o 
o 



co 
co 

O w 

.2 S 
6 S 



o « 

o a 
o o 

*e CO 

O 

CX -O 

Si 

C 4> a) 

« ts d 

CO 3 

**-• o P 3 

cr «j S 
a> o a> 
p4 to x! 



cd 
PQ 

03 
CO 



a 

a 

cd 
05 



< 
Q 

tx 



O 
O 
i 

VO 



CO 
C 

o 

u \* Os 
tX o 

« 5H o 
<u £ 2 

D « O 

8 CX 

0^ o 

•S .s 

9< cd *0 

« C3 o 
co 

O 



w 2 

O 0) 



o s « 

-T~) 

o c^ i=J 

«S sl 



rS 
C/3 



CO 



CO 
<D 
PL< 



O 

Q 



,co 



PU 



o 
o 



^ CO 

§ s 

o g 2 

S x c 

*<5 ■ 



CO o 

2 £ 

V <u 
« ^ 

-*-» 

> I 

CO 



to 

a. 

CO 

IS 



yL CO 

•g a 

£ S 

a o 

t— i o 



•s 

s 

CO 



2 
PQ 

S 

CO <D 

X> to 
o § 

cL Q 

CX, 4- 

cd co 



C 
cd 



cd 
PL< 



O 

Q 



o 

as 

o 
cd 
*-» 

O 

o 



o 
o 



^00 ^ 



6 

C/3 

a 

CO 



cd 
Ph 



O 

Q 



4> 
O 

a 

c 
o 

CX 
co 
a> 

o 
O 



c 

a 



O 



O 
O 
i 

o 



c 

co ^5 

C cd 

2 3 P 

£ "s 

5 tio . — 

* - co 



CO 

2 a 



« < s 

> 

3- a § 

^ CM 2 -o 

°? S ex 

o Ph co 

O - - P-> 
C/> cO VO — 

o 



o 



g O ON 

cx J, -7 

~ 2 00 

w ^ O m 

fl § 6 ^ 



a 

G 

2 

CO 



CO 
P-c 



O 

Q 



^— • 

CO 

00 




o 
o 



Q 
00 



a 



CO CO 

°* *S 2 

P c? ^ 

g S ^ 

<N T g 

o on e 

V] JO <u 



VO 

CO 

CX 



S3 
c0 

o 



o 

cx 75 
PS o 

o a 

1- c; E 

s * I 

i- s S 

S8& 

^ 2 o 



a 
00 

c 

.2 

CO 



c 

c 
o 



cO 
CX 



o 
Q 



cd 



o 
o 



o 
o 



o 

G 



CO 

u 
o 

CO 



cO 
CX 

S 



a 
o 

O 

o 



<u 
S3 

cu 

a 
o 

a. 

<u 

o 
U 

a 
o 

CO 

£ 

S3 

CO 



i 



a 

o 



2m 

u 

0) 

Q 



S 

o 



o 
H 



H 

o 
o 

Q 



o 



1-1 

CO 



€3 

Q 





O 




No 


O 
O 




t: 




o 


O 




a, 








O 






u. 
Ph 




CO 


.3 










tiufact 


enroll 




2 


as 




010, 


[ent # 


ian) 


52; Pl, 


ajan: 




co 




eri; 


leu 


CO 

< 




M 








0 


O 


0 

* — < 


X 


O 


1 


eg 


O 


00 


(X, 


<N 


On 



s 

00 

a 

•c 

CO 



cO 
PL, 



O 

Q 



Ah 



O 

o 



PL, 



o 
Q 



W 



Oh 



•4— ' 



Ox 
On 
1 

On 
<N 



"2 S 

-S >, 

^ 00 

Owe 

O c 

CO £3 g 

^ ■» bb 

ca c i; 

s <3 a 

o S » 

« a a 

8 2,2 

o w ^ 

« a fl 

« 0 H 

c -2 S 

O W <-s 



« t> O 

ft o 7; 

•S > > 

h (0 'O 



o 
o 

CO 



V-« 

O 

_1 



o 

CO 
«— • 

c 

O 

o 

O 



On 
On 
1 

<N 



On 
On 
On 



Oh 



Q 

2 

<s 
o 

CO 

»— » 

t: 

O 
P^ 



On 
O 
O 



On 
On 
1 

(N 
<N 



.£ o 



.S ~ S 
8 o 



; -8 



T3 
C 

CJ 

o 
< 

Q 

2 

CO 
4> 



_1 * o 



(X, 



Q 

U 

Cfl 

t: 

o 



ON 
ON 
1 

CN 
t 

On 



O 

3 



0> 



O 

CO 

CJ 

c 
o 

CO 



J3 
o 



ON 

On 
1 

O 



C 

o 



co <U 

<: & 

Q CO 

-5 o ^ 

> Sco 

O Ph Pm, 

O- O )r 

c <u ^ 

^ CO O 

CO c$ 

O co \ 

« .2 ^ 

-S in *o 

to -p. <u 

o b co 

<G ^ O 



o 

00 

0 

c 
o 

CO 



VO 
CO 



a 
o 

0 



o 



<u 

PL, 



X 



On 
On 
1 

<N 
<N 
1 

VO 



o 



CO 

o 
o 

03 



CO 

PL, 

a 



c 
o 

CI 

o 

O 



<U 
o 

a 

d 
o 

a, 

in 

o 
U 

a 
o 



CO 

i 



O 



u 

Q 



E 

o 

to 



o 
H 



on 
on 



vo 



< 
Q 

00 

g ^ 

co o 
00 ^ 

on XJ 
:G ^ 
^ O ^ 

cx IT 

« G i 

tow 

•3 *^ Ah 

° a S3 

^ <u 
O 00 
^ c$ 

00 ^ 
<D o 

cx &i) 

a s 



a 

:G 



CO 

o 
co 



W 
w 

-«— » 

<D 
PL, 



P 
O 



CO 

,£> 

O 
Pi 



o 

co 
O 

a 
o 



JE3 



PL, 



a 
>> 
H 
u 
o 
Q 



o 



CO 



CO 



On 



On 
On 



<0 
CO 

a 

PL, 
-C ^ 

w CD 
. CO 

O g 

^ cx 

« s 

c 

DO 2 
cd g 

CO CO 

■s ^ 

00 o 
G 

l-t «— » 
cO 3 

tio-o !^ 

a) o 5T 
OO ^ 

.s ^ 



3 



O ON 

^ On 
u, 

O CN 

tS IN 



CO 

O 



o 

W 

eo 
<o 

Oh 



CD 
O 



o 



On 
On 



On 
On 



G 



00 
G 



Q 

o 



^1 



Oh 



O 



o 



On 
On 



CM 



C4_ <U 

O u 

a c 
o g 

^ "5b o 

oo ir 
s S S3 

g PC o 

« -s ^ 

co TT ir 
'S ^ 2 

L Cfl BJ 

co a> 



oo 



O 

« CO 



.25 « 

> 



o 
W 

PL, 



Q 

o 



<u 
o 

J* 



oo 
o 
o 



On 
On 



<N 



oo 
o 

as 
CX 
O0 
G 

s 



On 
On 

in 

CO 

-G 



CX 

o 
o 

G 
O 

< 



o 
o 
m 

<D 

G 
JO 

s 



o 

CO 

CJ 

G 
O 



CO 

r: 

CO 



On 
On 



00 

3 

CO 



CO 

o 
c 

03 

a 



2 on 
;? on 

Ph On 
— • 

w 8 

O ^ 
G ^ 

| ^ 

G 

o -§ 

r i V 



o 

CO 

a 

a 
o 



NO 
CO 
00 

CO 
Ph 



to 

a 



G 
0) 
XI 

c: 

G 
O 

u 



o 
o 
PQ 

CO 

G 

co 



,«3 



ON 

On 



c 
o 

C3 
o 
o 



a 

o 



u 

co 



h5 Q 



£ 
c 
u 

fa 



On 
ON 

CM 
CM 



Cd 

to 
3 



00 

.3 
<*-» 



•o 
o 

CO 

< 



O 

CO 



o 



s 



© 



x: 
•*-» 
o 
o 
PQ 
a> 
d 

<d 



>> 
H 

o 
o 

Q 



o 

CO 



Q 



o 

a} 
-*-» 

O 

o 

o 
a. 



on 
On 



o 

CO 

O 
o 



J3 



.5 
o 
o 
PQ 

a 



o 
cd 

a 
o 
o 

<t> 
a 
o 
x: 
p. 



On 
On 
t 

CM 



00 

c 
3 

00 

On 
On 

a> 
ca 
*o 

CO 
(L) 
X 

f 03 



o 
o 

6 



CO 

a 
o 

«f -c 

& CO 



o 
o 
PQ 

c 

<L> 

13 



o 



O 
PS 



CO 

cr 
<u 

P4 

< 

Q 

PU 

o 
H 



o 

rx £ 



o 
o 



ON 
ON 



a 

o • 

6 On 
ON 

cLcf 

to 9- 
.S < 

> o 

O CO 
v-< *— < 
Cu CX 

a £ 

^ ON 
ON 



o o 



-4 



o 



o 
o 

pa 

CD 

c 

cd 



o 

CO 

U 

cf 
o 



J3 



On 
On 



o 



H 

Oh 



CO 



5 .a 

O CO 
CO CO 

ft 3 

00 co 



o o 

? 2 

2 2 

PU Oh 



■5 
o 
o 
PQ 

<u 

a 



Q 
IS 

of 
o 

-♦-» 
CO 

0 

t; 



oo 
aj 

o 

GJ 
PU 
00 



2 



On 
On 



On 



OA <D 
ON *i 

« s 

ooO g 

o 
ex 

CO 



o 
o o 

< d 
Q £ 



o <u ifl 



2 U 



O 

CO 

O 

c 
o 

CO 

-♦— » 

CO 



O 

o 

C 
<D 



X 



On 
On 



C3 

Oh 



H 
Pu 

^ .3 

1 O 

CO b 

n . cd 

co w 

o h 

co O 

-3 Z 



00 >, 
C! .ti 
co 

6-1 



co O 



O 

o 
PQ 

c 



o 



t: 

a> 



.a 

4— > 

a> 

s 

w tu 

« 00 

y cd 



VO 
VO 
4> 
00 

cd 

Pu 



O 
U 



ON 
ON 

o 



o 



cd 
o 

O 
cd 



43 
PU 



<u 



0\ 



o 

CO 

c 

4) 
CO 

.3 

co 
00 

4> 



o 
o 



< 
Q 



V 

4> o 

H o 



O 

00 

O 

a 
o 

00 



.a 
*— » 

o 

o 

c 



x 



On 



O 
go 
O 

c 
o 

CO 

-4— > 

GO 



o 
o 

m 

a 



o 

CO 
<*— » 

o 
o 
<u 

o 
X, 
1X 



0\ 

on 

f 



CO cO 

i e 



•a 
■»— • 

o 

o 

c 



Q 
2 



o 



t: 

X) 

o 

Pi 



VO 
O 
O 



on 

ON 



CO 
Ph 



Ph 



-a 
c 

CO 

LO 

a 
o 

o 

o 
o 




5 
o 
o 

en 

<L> 

a 



Q 

co 
o 

CO 
>— » 

t: 

O 



a 
o 



S 
x> 

go 



o 
o 



o 

On 



| s 

o H 

^ g 

o ^ 
o ^ 



c0 



0) 

u a 



o 



CO 

v-l 

.2 

<u 

> 

2 
ex, 

o 

4— • 

-o 
c 

CO 



< 3 



On 



C 
O 
■♦— » 
cO 



8.* .S3 

•g *0 c cO 

*h 4^ co 
Pl, GO od O 



•5 

o 
o 

a 



Q 

o 
to 
•— > 

t: 

4> 

O 
Ph 



c 
o 



oo 



o 
o 



On 
On 



2 



o 

CO 

N 

c 
o 

<£ 

O 

a 



o 
o 

a 

cO 



Q 

o 
to 

t: 

o 



On 
On 



«— » 
OO 

o o 

§> X 
o 

o 

3 ^ 

CO CO 

CX co 



o 
oo 

CO 



CO 



CO 
CO 



o .S 
o 2 



■5 
o 
o 
CQ 



s 

o 

co 
O 



-6 'o 
« x 

-4— » » 4 

CO o 

go 
CO 

<2 | 

*S Oh 



O 
O 



On 
On 



G 

Cm 

O 
O 



o 



CO 

o 
o 

CO 



CO 

Ph 

3 
=3 



a 
o 

C3 
<J 
O 



O 



o 

CO 



h3 Q 



o 

fa 



o 
H 



0> 

H 
a 
o 
Q 



o 



03 



d o 



.3 



■♦— » 
o 
o 

<u 
a 

CO 



X) 

o 



a> o 

— OO 

I S 

I £ 

8 £ 

< ^ o 

"5 o 3 

o o p 

o o c 

o o£ 

ex, clh .5 



o 
o 



oo 



x; 
■«— > 

o 

o 

a> 
c 



o 



t: 

o 




o 
o 



CO 

C 

o 



x> 

oo 

c 

x a 

CD 

— . X) 

CD *-» 

cr o 
8 o 

< z 

Q o 
o 

2 6 

cd *-j 

g 5 

I o 



Xj 
O 

o 
PQ 

CD 

a 

cd 



c 
o 

CO 

cd 
CJ 



Q 



o 

CO 

a 
o 
o 

CD 
c 
o 



oo 

On 



o 

CJ 

O 



CO 



CO O 

B 5 

O ^ 



<2 3 

2 2> 



» 

o 
o 
CQ 
cd 
a 
M 

cd 



c 
o 



cd 
O 



Q 



o 

c 
o 
cj 

<u 
c 
o 



oo 

On 
I 

<N 



~TJ CD 



O 
O 

CD 

CD 



a 
o 

to 
CD 

V 
cd 

U 



cd 
Q 



,03 



OO 
On 
i 



CJ 

o 



cd 
~o 

cr 

<L) On 
i— « 

o 

<d 
o 
G 
cd 

*s Jo 

oO ^ 

cd 2 
oX) Q 

<D 

o0.> 

(i, o 



X! 

» 

O 
O 

CD 

c 



a 

cd 



DO 

a 

xj 
O 

P 



x 



oo 

ON 



u 



o 
u 

00 

-S 

u 
cd 
oo 

C 

cd 



cd _ 

O 3 

S-S 

O w 

X5 « 

a, 5i 



o 
o 

c 

s 



60 

c 

cd 



00 

d 

XJ 

u 

Q 



O 

cd 
■«— » 

C 

o 

CJ 

c 
o 



oo 

o\ 



oo 
vO 

<u 
00 
cd 

Oh 



O 

U 



o 
a 



cd 
o 

cu 
o 
cd 



cd 
3 

1 



c 

03 

o 
o 



a 

o 



u 
o 

Q 



3 
o 
u 

to 



o 
H 



a 

H 

o 
o 

Q 



o 

o 
CO 



a 



CO 

■s 

OO 

.3 



CO 

w O 

<u o 

CT On 



o 

o 
c 

co 



.3 



Q 
o 

•4— • 

ccj 



s 

U 

Op CO 
•5 oo 

"H s 

Q PQ 



o 
o 

G 
CO 



o 



CO 

O 

22 
IS 

Q 



oo 
On 



GO 

a 

.£3 
N 

CO 

K 



o 
o 
PQ 
a> 
c 

CO 



o 

c 
o 
o 

c 
o 



oo 

On 
t 

o 

CN 



C3 

o 



CO 

O ( 

CO 

»-l * 

a ( 



o 
o 
PQ 
<u 
a 
JJ 

CO 



oo 

On 



.5 a> 



0 

c 



5 
o 
o 

<D 
CO 

s 



o 
o 

Q 



o 

CO 

a 
o 
o 

<u 
c 
o 



oo 

On 
I 

oo 















c 




o 




CO 




en 




6 












GO 




oo 




=3 

C 




Q 












A* 








CO 




0 




O 








CO 




oO 












<L> 




> 










CO 




O 




s 


CO 
1 




00 






> 



o 
o 

c 



Q 

o 

CO 
♦—a 

t: 

<D 
O 



o 
o 
o 



oo 

On 
I 



c 



o 
o 

CO 
On 

in 

CN 

c 



< 

Q 

(X. 

o 



o 



j3 
*— » 

o 

o 

a 

"3 



o 
<d 

CO 

O 
22 

jo 

Q 



a) 
u. 
CX 

CO 

o\ 



c 
o 



o 
c 

CO 

o 

00 

.3 



CO 

o 
o 
a 

<o 

a. 



On 

NO 

<L> 
OO 
CO 



o 
o 
CQ 
<u 

JO 
CO 

s 



o 



CO 

a 

-22 
IS 
x> 
<u 

Q 



S3 
O 

U 



o 

CO 

a 
o 
o 

c 
o 

cx 



oo 

On 
i 

O 

m 

I 

NO 



oo 
On 
i 

VO 
<N 
i 

NO 



a 



CO 

o 

O 

CO 



CO 

ja 
6 

i 



c 

o 

a 
u 
o 



a> 
a 

a 

a 
o 

a> 

I* 

o 
U 

a 
o 

CM 

a 

•O 
S3 

C/5 



i 

CD 



G 
O 



o 

CD 

Q 



£ 
o 
u 



o 
H 



4> 

a 

>> 
H 
o 
o 

Q 



o 
*£ 

CO 



Q 



OO 

a 



o 

CO 

-*— > 

■♦— » 

Cd 

o 
'£> 

JO 

Q 



o 
o 
CO 

Cd 



s 

CO 

O 

CO 
PL, 

< 
Q 



oo 

On 
I 

to 
<N 



OO ca 



a> 
o 

CO 





to 




Si 


C 




cx 


o 












to 
CD 




-4— > 




«-> 






CO 


cr 






o 




OO 

-S 

-4— » 


a 

-a 

a 




CO 






to 


< 




ion 


-FD 








ersa 


ded 




> 






on 


<u 
a 


00 


o 


•*-• 


-S 


o 




ne 


a 


<u 


ho 


00 

cd 


B 


CX 




Cd 



ca 
O 

IS 

X> 

Q 



o 
o 

m 

c 

cd 

2 



O 

cd 
-«— » 

o 
o 

<L> 

c 
o 

ex 



oo 
On 
i 

»o 



CO 

Pu 
-o 

(L> 

CO 

> 

00 

-S 
■*— • 

1 

X) 

CO 

< 

Q 
o 

-«— » 
X 



» 

O 
O 

PQ 

C! 
ca 



o 



cd 

O 
• 

<L> 

Q 



OO 
ON 
i 



00 

c 

•*— » 

CD 

E 



cx 
oo 
S 
j- 

cd 

2 

CO 

ca 

S 
o 



cd 
O 

o 
o 
cx 



o 
o 
« 

c 

cd 



CCJ 



• o 
Q 



o 
cd 

4— » 

c 
o 
o 

a> 

C! 

o 
cx 



oo 
On 



O 

o 
PQ 

<u 

cd 



cd 



O 

Q 



00 

cd 

o 
cd 

a, 

oo 
-S 



CX 



CO 

On 



VO 



CO 



to CO 
O 



(D 

-S 
o 



> 

V-. 

s 

> 



CO 

a 

_ -a 

o 



o 



cd 
o 



o 
o 
PQ 

<u 
c 

cd 

s 



-a 

cd 

O 

a 

cd 



o 
cd 

C 
O 

o 

<D 

a 
o 

cx 



oo 

On 



VO 



& 
O 

o 
CQ 

a 
ju 

cd 



c 
o 



CO 



o 
cd 
*— • 

C 

o 
o 
a> 
a 
o 

cx 



oo 
On 



O 

00 
cd 



a> 

a 
o 
U 



o 
a 



cd 
o 

o 
cd 



CX, 

B 



c 
o 

« 
o 
o 



o 



o 
Q 



S 

c 
u 

fa 



o 
H 



-5 
o 
o 
PQ 



a 

>> 
H 
o 
o 

Q 



o 



CO 



oo 
o\ 
i 

oo 

<N 



CO 
<U 
G 

cr 



o 
o 

pq 

<L> 

g 



a, 

cO 

Q 

t; 

a) 

o 
Pi 




CO 

On 



4 



s 



cr 

OO 



G 

a 

oo 
o 



o 

< 



<u 

CO 

as 
<U 
PL, 
<i> 

'£ 
o 

Q 



o 
o 

<u 
G 



o 

2 

G 

o 
u 

CD 
G 

o 
ex 



o\ 

I 



° <S 
~ oo -z: 
c .2 

- — ■ 
00 « ° 
G « — 

« ^ S3 

s p £ 

> 4> 

OT J> 

o to 5 
a a 5 
o " i2 

J 

Hi 

all 

2 o cr 
ft* S 



CO 



O 
Q 



G 



u 

CO 
«— » 

a 
o 
o 

<D 
G 
O 

.g 
ex 



On 
i 

On 
<N 



* -s 
.a ^ 
> "2 
8 2 

2 -O 

c 

c >% 
<u .<g 

00 o 
< X 

o> o 
•5 S 

00 g 

.5 cu 

<U J- 
*> <L) 

E 

CO c_ 

^ o 

0> G 

3 00 

FT « 

o _ « 
o 

*o 8 g 

U a c 



o 
o 

<d 

G 
JU 

c0 

s 



CO 
CD 

Q 

t: 

<u 
o 



00 



00 

<D 

cr 
<i> 



On 
i 



c 

CO 

G 
O 



c 
<d 
o 
c 
o 
o 

G 

o 



CO 

oo ^ 

^ O 

a > 

CO _v 



q> co 

13 eg 

a > 



o 
o 
CO 

<u 

G 

CD 



CO 
CD 
(X, 

cu 
■♦— » 

O 

Q 



O 

eg 

G 
O 
o 

CD 
G 
O 



On 



<N 



.S a. 

S 8 

a *> 

^ 2 

CO *o 



CD 
O0 

CO 



3 2 

B .a • 

00 so 

-S s «-» 
— 1_ 

0 

o 



cu 3 

s "3 



o 5 



fa a o 



o 
o 

(XI 

<L> 

G 
CD 



G 
CD 

G 

o 

o 



CO 
PL, 



O 

Q 



X 



On 



I 



a 

o 

el 
o 
o 



X 

a 

a 

a 

o 
cu 

(A 
<D 
Jm 

3-1 

o 

u 

c 
o 



s 

to 

CO 



o 

.2* 

u 

O 
ft 



o 



o 



H 
u 
o 

ft 



o 



CO 



OS 

ft 



00 



oo ca 

•S 3 
•3 S 

« o 



1 

e 

.3 

•«-» 
O 

a) 



i 

CO 

a. 



OX) 



■«-» 

o 
o 

c 



p 

s 

ft 

<u 
o 



On 
i 

VO 



00 c3 



O 

o 
c 



00 



o 
S 



o 

a 



On 



6 <o 

r- -2 



v-i cd 



3 w - 

4> "co 
XX U 

w a 
g> £ 

S *s 

« CO 
J- P 

.O o 

^ CO 

-2 *o 
8 *S *? 



)-2 

co PU 



O 

o 
PQ 
<u 
c 

13 



W) 

cd 
^! 
o 

Cd 
D< 
00 
C 

w 



CO 

6 



0\ 



CO 



cd 



cd 

<D 
Oh 

-H 

o 
ft 



o 
o 
PQ 
<u 
a 



o 
cd 

c 
o 
o 

<D 

c 
o 

PL, 



On 



<L> 



a 

cd 

a 



o 
o 
PQ 

a 



CO 

cd 



,cd 



On 
i 

■ 

VO 



On 



^ 5 

£ <? 

^ CO 

00 PL* 

C (4-1 

*Z! O 

8 oi, 
fl-S 

^ 3 

^ | 

co a 



cd 

PL, 



O 

Q 



o 
o 
PQ 
v 
c 

*~£ 
cd 

2 



o 
cd 

C 
O 
cj 

<u 
c 
o 
x: 
a. 



ON 



oo 
<d 



^ ^ x> 



o 
o 
PQ 

c 



C3 

o 

in 

O 
U 



cd 
Pu 



o 

ft 



o 
cd 

o 
o 

c 
o 
x; 



On 



c 

o 

03 
O 



o 



o 

O 

Q 



o 



o 
H 



a 

H 

o 
Q 



o 



CI 

Q 



c c 

O 'Z2 

a, <u 
2 S 

.2 a 



• 3 co 
b 

O «3 

cr -5 



o 2: 

2 « 



o 
o 

d 



Pk 



o 
Q 



On 



OX) 
C 



3 t« fc- 

* a 3 

OX) o o 

fl-a«« 

a * 

c w> o 

i_ co +-> 

o a c3 

2, 

£ <i> 
Q H £ 

o a a 
+- O o 
<u w o 

S 01 o 01 

a* a u 



o 
o 
PQ 

<L) 

a 



w 
co 
<u 

PL, 



o 
Q 



,C0- 



On 



<D 



cO 



00 
PL, 



CO 
bo 



o 



4> 

< 

s 



CO 

PL, 



O 

Q 



■*-* 

o 
o 
PQ 

0) 

a 
jj 

CO 



X 



<L) 

W § 

CO +- 

CO CO 

CJ 3 

CO CO 

o « 

c .c 

< 

•S & 

o ^ 

CO 

«-» o 

to CO 

S 3 
cr g 

o CO 

p^ 6 



o 
o 
PQ 

a 



CO 

<u 

PL, 
>> 

rS 

2 
o 

Q 



x 



to 



CxO 
CO 
PU 



o 



c 
o 

a 
o 



a 

o 



1-1 

a 



E 

o 
I* 



o 
H 



a 

>^ 
H 

o 
Q 



o 



C3 



<L> 
C3 



a 
o 

o 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
t3^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




